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f        There  has  been  no  part  of  the  automobile   that  has  been 

I*  changed  more  often  than  the  ignition  system.     The  first  cars  had 

simple  battery  and  coil  ignition,  then  with  the  introduction  of 

*-  the  high  tension  magneto  the  systems  were  usually  combined  on 

I  r*-  the  same  engine  in  order  to  secure  double  ignition  systems,  either 

1 0  one  being  independent  of  the  other.    Later,  as  the  magneto  became 

'  "  refined  and  improved,  a  number  of  makers  discarded  the  battery 

ignition  system  and  placed  their  entire  reliance  on  the  magneto. 

With  the  coming  of  the  demand  for  electrical  motor  starting  and 

lighting  systems  came  a  revival  of  the  battery  ignition  method 

which  had  been  discarded  for  the  high  tension  magneto.     The 

u      main  reason  for  using  the  magneto  in  preference  to  the  battery 

|/     system  was  that  ignition  became  weaker  with  the  latter  after  the 

jV    engine  had  been  run  for  a  time  owing  to  a  lessened  output  of  the 

j*^  battery.     The  magneto  which  generates  electricity  by  a  mechani- 

•f^   cal  process  had  the  advantage  because  the  faster  it  was  driven 

the  more  current  it  delivered. 
^  In  the  modern  automobiles  an  electrical  current  generator  is 
f^  provided,  run  by  the  engine  which  is  depended  on  to  charge  a 
^  storage  battery  while  the  motor  is  running,  the  current  for  igni- 
i^  tion  and  lighting  being  taken  from  the  storage  battery  instead  of 
directly  from  the  generator  which  delivers  a  current  of  varying 
j  output  depending  upon  the  engine  speed  which  in  turn  regulates 
the  rate  of  generator  armature  rotation.  On  many  cars  therefore, 
the  battery  ignition  systems  are  used  as  the  use  of  the  generator 
keeps  the  battery  charged  always  to  the  proper  point  for  securing 
energetic  ignition.  The  automobile  repairman  will  have  cars  to 
repair  that  will  use  a  wide  variety  of  ignition  systems,  as  many 
of  those  fitted  with  the  simple  battery  and  coil  are  still  in  use 
while  a  very  large  number  are  equipped  solely  with  the  high  ten- 
sion magneto.  Many  of  the  newer  cars  use  improved  battery  igni- 
tion systems  with  the  high  tension  magneto  eliminated. 
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6  Introduction 

One  of  the  pronounced  developments  of  the  last  two  or  three 
years  has  been  the  general  adoption  of  various  starting  means  for 
setting  the  engine  in  motion  without  recourse  to  the  usual  form 
of  hand  crank.  Some  of  these  motor  starting  systems  merely  re- 
place the  usual  hand  crank  with  some  means  of  turning  the  motor 
over  without  leaving  the  seat  by  purely  mechanical  connections. 
Others,  on  1912  and  1913  models  of  a  few  cars,  depend  on  air 
pressure,  while  the  most  popular  and  generally  applied  forms  to 
1916  model  cars  depend  on  electricity  as  a  source  of  power  for  a 
small  electric  starting  motor.  Electric  starting  and  lighting  sys- 
tems have  been  made  in  many  forms,  though  the  basic  principles 
of  operation  are  practically  the  same  in  all  systems  that  can  be 
grouped  in  several  main  classifications.  It  will  not  be  possible 
to  describe  all  in  a  general  treatise  of  this  nature,  but  if  the 
features  of  the  leading  systems  are  outlined  it  will  not  be  difficult 
for  the  repairman  or  student  to  become  familiar  with  the  principle 
of  other  systems  which  may  be  slightly  different  only  in  points  of 
minor  detail.  Not  only  are  the  various  parts  of  leading  systems 
shown,  but  as  a  result  of  the  co-operation  of  the  leading  automobile 
manufacturers,  the  author  is  enabled  to  show  the  actual  applica- 
tion of  the  various  ignition,  generating  and  starting  units  to  lead- 
ing power  plants.  While  a  certain  amount  of  technical  exposition 
is  unavoidable,  everything  has  been  stated  as  simply  as  possible 
so  readers  without  technical  knowledge  can  understand  the  prin- 
ciples and  method  of  operation,  as  well  as  location  of  troubles  in 
the  popular  systems.  The  illustrations  have  been  carefully  selected 
and  all  wiring  diagrams  are  of  representative  systems  actually  in 
use.  '  The  reader  not  versed  in  electrical  science  will  find  that  care- 
ful perusal  of  the  chapter  on  *' Elementary  Electricity  and  Mag- 
netism" will  enable  him  to  understand  many  of  the  more  technical 
descriptions  and  wiring  diagrams.  As  electricity  is  used  for  oper- 
ating many  accessory  devices  besides  the  lighting,  ignition  and 
motor  starting  units,  a  chapter  is  devoted  to  the  unusual  applica- 
tions of  the  electric  current. 

The  Author. 
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Ford  Ignition  System 117 

Four  Cylinder  Battery-Coil-Distributor  System 115 

Four  Cylinder  Battery  Ignition 114 

Oenemotor-Ford  System    363 

Gray  &  Davis  One-Unit  System  for  Fords 361 

Gray  &  Davis  Two-Unit  One-Wire  System 350 

Gray  &  Davis  Two-Unit  Two-Wire  System 353 

Hartford  Electric  Brake  Circuits 482 

Hartford  Starting  and  Lighting  System 417 

High  Tension  Magneto 46 

Index  to  Signs  and  Symbols  Used  in  Wiring 64 

Internal  Wiring,  Delco  Testing  Volt  Ammeter 443 

Internal  Wiring,  Northeast  Motor  Generator 270 

Eemco-Fan-Generator  System 415 

E.  W.  High  Tension  Magneto 194 

Large  Lamp  Bank  Resistance 156 

Locomobile-Bosch  Double  System ^77 

Locomobile  Low  Tension  System 129 

Low  Tension  Ignition,  Four  Cylinder 230 

Low  Tension  Magneto 46 

Master  Vibrator  Wiring  119 

Mercury  Arc  Rectifier  Wiring  151 

Mercury  Arc  Rectifier  Wiring  (Simplified)   152 

Northeast  One-Unit  24  Volt  System 365 

1916  Oakland-Delco  System  318 

1916  Overland  Auto-Lite  System 342 

1914  Overland-Gray  &  Davis  System 348 

Bemy  Closed  Circuit  System  121 

Bemy  Ignition-Generator 127 

Bemy  Ignition  Unit 125 

Bemy  Magneto-Coil  System  > . .  191 
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Bemy-National  Two-Armature  System 402 

Bemy-Beo  System   {Insert)  between  402-403 

Bemy  Two  Spark  Magneto 222 

Bemy  Type  B.  L.  Magneto  System 215 

Simms-Duplez  Ignition  System 217 

Slmms-Hnff-Maxwell  System 887 

Simms-Hnff  System  {Simplified)  384 

Simple  Battery  Ignition  System 68 

Six  Cylinder  Battery-Coil-Distri'bator  System  116 

Six  Cylinder  Triple  System 131 

Splitdorf  Transformer-Coil  System 213 

Teclmical  Diagram,  Gray  &  Davis  Two-XTnit  351 

Technical  Diagram,  Gray  &  Davis  Two-Wire  System 354 

Testing  Delco  Armature  Windings   449 

Transformer  Coil-Magneto  System 192 

Two  Spark  Magneto  Ignition 221 

XT.  S.  Ii.-Jeffery  System 420 

Uni^arker  System  84 

Use  of  Lamp  Bank  Besistance 154 

Vulcan  Electric  Gearshift  Circuits 478 

Westinghoase  Ignition  Generator  Circuits 407 

Westinghouse  Ignition  Unit  System 101 

Westinghouse  Lighting  System 410 

Westinghouse-Pierce-Arrow  System  411 

Westinghouse  Starting  Motor  Circuits 408 

Wiring  (tf  Lamp  and  Test  Points ^45 
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CHAPTER    I 

ELEMENTARY     ELECTRICITY 

Nature  of  Electricity — Why  Current  Flows — Parts  of  Circuit — Conductors 
and  Insulators — ^Methods  of  Producing  Electricity — ^How  Primary  Battery 
Generates  Current — ^Wiring  Dry  Cells — ^How  Storage  Battery  Works — 
Magnetism — Current  Production  by  Induction — ^Magneto  Action — ^Low 
Tension  Magneto — ^High  Tension  Systems — ^Dynamo  and  Motor  Action — 
Methods  of  Winding — ^Electrical  Terms  Defined — ^Electrical  Measuring 
Instruments. 

Many  forces  exist  in  the  universe  the  character  of  which  have 
never  been  solved  and  may  never  be  to  the  end  of  the  world.  We 
know  these  forces  exist  because  their  presence  is  made  known  by 
well  understood  phenomena.  Among  these  forces  gravitation,  light, 
electricity  and  magnetism  are  prominent  and  even  in  this  advanced 
age  no  one  has  a  very  clear  conception  of  the  nature  of  any  of 
these  forces  nor  would  a  presentation  of  theory  and  surmise  be 
of  any  material  benefit  to  those  who  are  more  concerned  with  the 
practical  utility  and  the  way  these  forces  can  be  made  of  value 
to  man  than  with  a  scientific  presentation  of  theoretical  causes. 

Nature  of  Electricity. — A  knowledge  of  electricity  is  of  great 
value  in  permitting  the  reader  to  grasp  clearly  the  principles  under- 
lying the  operation  of  the  various  units  comprising  the  ignition, 
starting  and  lighting  systems  of  the  modern  motor  car.  If  the 
following  explanations  are  carefully  studied  it  will  be  possible  for 
one  without  any  previous  electrical  training  to  understand  intelli- 
gently the  functions  of  electrical  appliances  and  make  it  easier  to 
locate  and  remedy  troubles  that  are  apt  to  materialize  in  these 
appliances.    Electricity  is  a  form  of  energy  and  is  known  because 
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it  is  capable  of  doing  work.  The  passage  of  electricity  through 
any  piece  of  apparatus  is  termed  a  current.  If  the  flowing  of  the 
electrical  charges  is  continuous  it  is  called  a  direct  current.  If  the 
charges  are  not  continuous  but  flow  always  in  the  same  direction 
it  is  termed  a  ** pulsating"  current.  If  an  electrical  charge  flowing 
in  one  direction  is  followed  by  another  charge  flowing  in  the  op- 
posite direction,  an  ** alternating'*  current  is  produced. 

It  will  be  evident  that  to  obtain  a  regular  flow  a  constant 
supply  of  electricity,  such  as  afforded  by  some  electrical  generator 
is  required.  The  simplest  analogy  to  permit  the  reader  to  under- 
stand the  passage  of  a  current  is  the  flow  of  a  stream  of  water. 
A  number  of  comparisons  can  be  made  between  water  and  the 
electric  current  which  tend  to  simplify  the  explanation,  though  it 
is  understood  that  there  can  be  little  in  common  between  such  a 
tangible  fluid  as  water  is  and  electricity  which  is  intangible  and 
only  considered  a  fluid  for  convenience.  To  form  some  conception 
of  this  force,  it  is  well  to  consider  that  we  are  able  to  place  various 
bodies  in  different  electrical  relations.  A  stick  of  sealing  wax  or 
a  hard  rubber  comb,  rubbed  on  a  coat  sleeve,  will  attract  bits  of 
paper,  feathers  and  other  light  objects.  The  sealing  wax  or  rubber 
is  said  to  be  charged  with  electricity  which  has  been  produced  by 
friction  against  the  coat  sleeve.  Any  body  charged  with  electricity 
may  be  considered  one  whose  surface  is  supplied  with  either  an  over- 
charge or  undercharge  of  electricity.  The  overcharged  body  al- 
ways tends  to  discharge  to  the  undercharged  body  in  order  to 
equalize  a  difference  in  pressure  existing  between  them.  An  elec- 
trical machine  capable  of  producing  current  may  distribute  this 
current  as  desired,  providing  the  current  is  sufficiently  strong  to 
overcome  the  resistance  to  its  motion  of  the  parts  comprising  the 
external  circuit. 

Why  Current  Flows. — The  action  of  an  electrical  machine  in 
regulating  the  distribution  of  electricity  may  be  considered  to  be 
the  same  as  that  of  a  pump  which  takes  water  from  one  tank  and 
supplies  it  to  another  at  a  higher  level.  If  for  these  reservoirs  we 
consider  bodies  insulated  from  each  other,  we  can,  with  an  electri- 
cal generator  take  electricity  from  one  that  has  been  overcharged 
and  supply  it  to  another  which  is  undercharged.    If  we  had  two 
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tanks  of  water  at  the  same  level,  one  container  being  full  and  the 
other  nearly  empty,  merely  connecting  these  with  the  pipe  in  which 
a  valve  was  placed  would  permit  the  water  from  the  full  reservoir 
to  pass  into  the  nearly  empty  one,  till  both  contained  equal  amounts 
of  liquid.  As  is  the  case  with  tanks  of  water  if  two  bodies  are 
charged  with  unequal  amounts  of  electricity  the  electrical  charge 
will  tend  to  equalize  itself  when  the  two  bodies  are  connected  to- 
gether with  a  conductor  that  will  allow  the  passage  of  electricity. 
Any  time  the  flow  of  water  from  one  tank  to  the  other  is  to  be 
interrupted,  up  to  that  point  when  equilibrium  is  reached,  closing 
the  valve  will  obstruct  the  conductor  and  shut  off  the  flow  of  water. 
It  is  possible  to  utilize  a  switch  in  the  electrical  conductor, 
which  will  do  the  same  thing  as  the  valve  does  in  the  water  pipe. 
Water  cannot  flow  through  the  closed  valve  because  of  the  resistance 
the  valve  offers.  If  the  valve  is  weak  and  the  water  pressure  is 
suflBciently  high  it  is  possible  for  the  water  to  burst  the  restraining 
walls  in  the  valve  and  continue  to  flow.  It  is  evident  therefore  that 
the  strength  of  the  valve  parts  must  be  proportioned  according  to 
the  pressure  of  the  water  stream.  A  switch  interposed  in  an  elec- 
trical conductor  will,  when  opened,  leave  an  air  gap  in  this  con- 
ductor that  offers  so  much  resistance  to  the  flow  of  current  that  the 
electricity  cannot  pass.  Closing  the  switch  so  that  the  continuity 
of  the  conductor  is  re-established  will  enable  the  current  to  flow. 
An  electrical  circuit  is  different  from  a  water  circuit,  inasmuch  as 
electricity  must  always  return  to  its  source.  The  greater  the  dif- 
ference in  the  quantities  of  the  electrical  charge  the  greater  the 
tendency  to  reach  the  state  of  equilibrium.  This  difference  in 
electrical  conditions  or  amount  of  electrical  charge  is  termed  ''dif- 
ference of  potential,"  and  high  or  low  potential  or  ** electro  motive 
force"  in  any  electrical  system  indicates  a  larg^  or  small  difference 
of  charge  or  electrical  condition  at  different  parts.  Just  as  in  the 
case  of  the  tanks  filled  with  different  amounts  of  water,  and  in 
which  as  a  result  there  is  a  difference  of  level,  the  flow  is  always 
through  a  conductor  from  the  point  of  higher  to  that  of  lesser 
potential.  If  we  had  a  tank  of  water  ten  feet  from  the  ground  the 
water  would  flow  faster  through  a  certain  size  hole  than  if  the  tank 
were  but  two  feet  from  the  ground.    Not  only  would  the  tank  be 
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emptied  quicker  but  the  water  would  have  a  greater  head  or  pres- 
sure. The  same  condition  exists  on  electrified  bodies  as  the  greater 
the  difference  of  potential  or  level  between  them  the  more  rapid 
the  flow  and  the  greater  the  pressure  of  the  current. 

The  levels  of  liquids  in  the  tanks  instead  of  being  compared  to 
each  other  might  be  referred  to  that  of  an  ocean  of  constant  level. 
Water  might  be  pumped  into  the  ocean  from  one  or  from  the  ocean 
to  one  or  both  so  as  to  affect  the  level  of  water  in  the  tanks  with 
respect  to  the  larger  quantity  in  the  ocean  of  constant  height. 
Electricity  can  be  considered  in  the  same  manner.    It  can  be  taken 
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Fig.  1. — ^Diagrams  Illustrating  How  Current  Pressure  Causes  Electricity 
to  Flow  by  Comparing  It  to  a  Flow  of  Water  from  One  Tank  to 
Another. 

from  an  ocean  of  electricity,  which  may  be  represented  by  the 
electrical  charge  present  at  all  points  of  the  earth  or  the  earth  can 
be  used,  as  it  invariably  is,  as  a  receptacle  for  the  charges  obtained 
from  electrical  producers. 

In  Fig.  1  is  shown  two  tanks,  A  and  B,  connected  by  a  pipe. 
Let  tank  A,  which  is  filled  with  water,  represent  the  positive  ele- 
ment K  of  the  cell  F,  and  the  empty  tank  B  the  negative  element 
L.  Let  pipe  E  connecting  the  two  tanks  represent  wires  J  con- 
necting the  two  elements.  It  is  evident  that  water  will  flow  through 
the  pipe  from  the  full  tank  to  the  empty  tank  until  both  contain 
the  same  quantity  and  the  pressures  are  equal.  Likewise  in  the 
battery  cell  electricity  will  flow  through  the  wire  from  the  positive 
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element  K  to  the  negative  element  L,  until  the  pressures  on  both 
are  equal,  when  the  current  will  stop  flowing  and  the  cell  will  be 
discharged.  If  a  valve  C  is  placed  in  the  pipe,  connecting  the 
two  tanks,  the  flow  of  the  water  may  be  stopped.  If  a  switch  G 
is  placed  on  the  wire  connecting  the  two  elements  the  flow  of  elec- 
tricity may  be  stopped.  If  a  water  wheel  D  is  placed  in  the  pipe 
the  flowing  water  may  be  made  to  do  work.  If  a  small  motor  H 
is  placed  on  the  wire  J  the  flowing  electricity  may  be  made  to  do 
work.  In  automobile  use  this  work  is  done  in  charging  the  induc- 
tion coil  for  ignition  purposes,  producing  light,  etc.  The  weight 
of  the  water  in  tank  A  gives  a  certain  pressure.  The  similar  pres- 
sure in  the  electric  battery  is  measured  in  volts.  The  pressure  of 
the  water  causes  a  quantity  to  flow  through  the  pipe.  The  similar 
quantity  of  electricity  that  is  forced  over  a  wire  from  a  battery 
is  measured  in  amperes. 

Parts  of  Circuit. — To  retain  water  the  tank  walls  must  have 
a  certain  degree  of  strength  which  is  determined  entirely  by  the 
size  of  the  tank  and  the  height  above  ocean  level.  To  enable  ob- 
jects to  hold  an  electrical  charge  they  must  be  surrounded  by  some- 
thing that  will  retain  it.  Any  substance  which  holds  a  charge  upon 
its  surface  and  does  not  permit  it  to  flow  thereby  corresponding  to 
the  walls  of  water  reservoirs  is  termed  an  insulator.  Some  sub- 
stances conduct  electricity,  others  resist  its  flow.  If  two  water 
tanks  were  connected  by  a  rod  of  metal  the  water  could  not  flow 
from  one  to  the  other.  The  rod  of  metal  must  be  hollow  to  per- 
mit the  water  to  pass  through  it.  Solid  metal  is  a  barrier  or  in- 
sulator that  prevents  the  passage  of  water.  A  pipe  is  a  conductor 
of  water.  If  two  electrically  charged  bodies  are  connected  by  a 
piece  of  wood,  glass,  rubber,  dry  cloth,  paper  or  similar  materials 
there  will  be  no  passage  of  electricity,  but  if  a  metal  rod  is  sub- 
stituted, a  current  will  flow  from  the  body  of  higher  potential  to 
the  other.  In  this  case  the  metal  rod  or  wire  is  a  conductor  of 
electricity.  All  metals  and  substances  such  as  acid,  water  and  the 
various  liquids  (except  oils)  conduct  electricity  so  well  as  to  be 
termed  ** conductors''  though  it  is  harder  for  the  electrical  cur- 
rent to  flow  through  some  kinds  of  metal  than  it  is  for  it  to  pass 
through  others.    Copper,  aluminum  and  silver  are  very  good  elec- 
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trical  conductors,  steel  or  iron  is  next  in  order,  while  some  alloys, 
such  as  German  silver,  offer  considerable  resistance  to  the  flow  of 
current. 

Materials  such  as  wood,  glass,  rubber,  etc.,  and  air,  conduct 
electricity  so  badly  as  to  be  termed  insulators.  What  would  nor- 
mally be  an  insulator  to  a  current  of  low  potential  may  be  rup- 
tured by  a  current  of  higher  potential  or  pressure  which  can  break 
down  the  resistance.  From  the  foregoing  it  will  be  evident  that  a 
current  is  produced  by  the  passage  of  electricity  from  one  body 
to  another  and  that  current  can  only  flow  through  certain  ma- 
terials and  that  some  substances  act  as  a  barrier  to  the  current 
flow  just  as  a  valve  stops  the  flow  of  water.  With  a  valve  in  the 
water  pipe,  providing  that  the  parts  were  sufficiently  strong,  clos- 
ing the  valve  breaks  the  continuity  of  the  pipe  and  stops  the  flow 
of  water.  The  same  is  true  of  electricity,  it  must  have  a  complete 
circuit  or  the  currents  cannot  pass.  An  electrical  circuit  is  said 
to  be  an  open  circuit  when  the  current  cannot  flow  and  a  closed 
circuit,  if  there  is  a  continuous  path  for  the  electricity. 

A  closed  circuit  therefore  is  one  made  up  entirely  of  apparatus 
and  wires  capable  of  conducting  electricity,  including  some  form 
of  generator  of  electrical  energy  which  acts  as  a  pump  to  produce 
a  flow.  The  flow  of  current  is  from  the  electrical  generator,  through 
wires  to  the  piece  of  apparatus  to  be  operated  and  from  that  piece 
of  apparatus  back  again  to  its  source.  If  we  connect  the  terminals 
of  the  battery  through  the  wire  to  the  bell,  after  energizing  the  bell 
magnets  the  electricity  does  work  by  ringing  the  bell.  It  flows 
from  the  positive  or  carbon  terminal  of  the  battery  through  the 
wire  to  the  bell  and  after  energizing  the  bell  magnets,  it  returns 
through  another  conductor  to  the  zinc  or  negative  terminal  of  the 
battery.  Inside  of  the  cells,  the  flow  is  from  the  negative  member 
to  the  positive  member.  Any  closed  circuit  may  be  made  an  open 
circuit  by  including  an  insulating  body  which  resists  current  flow. 
This  body  is  always  of  such  a  form  that  it  can  be  temporarily 
bridged  over  by  a  conductor  when  it  is  desired  that  the  current 
pass  through  the  circuit.  All  electrical  circuits  must  comprise  a 
source  of  current,  wires  to  carry  it,  a  switch  to  interrupt  it  and 
apparatus  to  be  actuated  by  it. 
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Ourrent  Production  by  Chemical  Action. — The  simplest  method 
of  current  generation  is  by  various  forms  of  chemical  current  pro- 
ducers which  may  be  either  primary  or  secondary  in  character.  A 
simple  form  of  cell  is  shown  in  section  at  Fig.  3,  A,  and  as  the 
action  of  all  devices  of  this  character  is  based  on  the  same  principles 
it  will  be  well  to  consider  the  method  of  producing  electricity  by 
the  chemical  action  of  a  fluid  upon  a  metal.    The  simple  cell  shown 
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Fig.  2. — ^Diagrams  Outlining  How  Cnrrent  Voltage  is  Beduced  by  In- 
creasing Besistance  in  Circuit.  A— Water  Flow  Beduced  by  Shut-off 
Valve.  B — ^Electric  Flow  Beduced  by  Bheostat^  an  Equivalent  of  the 
Valve  in  the  Water  System. 


consists  of  a  container  which  is  filled  with  an  electrolyte  which 
may  be  either  an  alkali  or  acid  solution.  Immersed  in  the  liquid 
are  two  plates  of  metal,  one  being  of  copper,  the  other  zinc.  A 
wire  is  attached  to  each  plate  by  means  of  suitable  screw  terminals. 
If  the  ends  of  the  plates  which  are  not  immersed  in  the  solution 
are  joined  together  a  chemical  action  will  take  place  between  the 
electrolyte  and  the  zinc  plate ;  in  fact,  any  form  of  cell  consists  of 
dissimilar  elements  which  are  capable  of  conducting  electricity  im- 
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mersed  in  a  liquid  which  will  act  on  one  of  them  more  than  the 
other.  The  chemical  action  of  electrolyte  on  the  zinc  liberates  gas 
bubbles  which  are  charged  with  electricity  and  which  deposit  them- 
selves on  the  copper  plate.  The  copper  element  serves  merely  as  a 
collecting  member  and  is  termed  the  "  positive  "  plate,  while  the  zinc 
which  is  acted  upon  by  the  solution  is  termed  the  "negative"  mem- 
ber. The  flow  of  current  is  from  the  zinc  to  the  copper  plate  through 
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Fig.  3. — Simple  Primary  Cell  Used  to  Produce  ElectTlc  Oun^it.  A — 
Form  to  Sliow  Principle  of  Cunent  Production  by  Cliraiical  Action. 
B — Dry  Cell,  the  Type  Suitable  for  Automobile  Service. 


the  electrolyte  and  it  is  returned  from  the  copper  plate  to  the  zinc 
element  by  the  wiring  which  comprises  the  external  circuit. 

"While  in  the  cell  shown  zinc  and  copper  are  used,  any  other  com- 
bination of  metals  between  which  there  exists  a  difference  in  elec- 
trical condition  when  one  of  them  is  acted  upon  by  a  salt  or  acid 
may  be  employed.  Any  salt  or  acid  solution  will  act  as  an  elec- 
trolyte if  it  will  combine  chemically  with  one  of  the  elements  and 
if  it  does  not  at  the  same  time  offer  too  great  a  resistance  to  the 
passage  of  the  electric  current.  The  current  strength  will  vary 
with  the  nature  of  the  dementis  used,  and  will  have  a  higher  value 
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when  the  chemical  action  is  more  pronounced  between  the  negative 
member  and  the  electrolyte. 

As  the  vibrations  which  obtain  when  the  automobile  is  driven 
over  highways  makes  it  difficult  to  use  cells  in  which  there  is  a 
surplus  of  liquid,  a  form  of  cell  has  been  devised  in  which  the 
liquid  electrolyte  is  replaced  by  a  solid  substance  which  cannot 
splash  out  of  the  container  even  if  the  cell  is  not  carefully  sealed. 
A  current  producer  of  this  nature  is  depicted  in  section  at  Fig. 
3,  B.  This  is  known  as  a  dry  cell  and  consists  of  a  zinc  can  in  the 
center  of  which  a  carbon  rod  is  placed.  The  electrolyte  is  held 
close  to  the  zinc  or  negative  member  by  an  absorbent  lining  of 
blotting  paper,  and  the  carbon  rod  is  surrounded  by  some  de- 
polarizing material.  The  top  of  the  cell  is  sealed  with  pitch  to 
prevent  loss  of  depolarizer. 

The  depolarizer  is  needed  that  the  cell  may  continue  to  generate 
current.  When  the  circuit  of  a  simple  cell  is  completed  the  current 
generation  is  brisker  than  after  the  cell  has  been  producing  elec- 
tricity for  a  time.  While  the  cell  has  been  in  action  the  positive 
element  becomes  covered  with  bubbles  of  hydrogen  gas,  which  is 
a  poor  conductor  of  electricity  and  tends  to  decrease  the  current 
output  of  the  cell.  To  prevent  these  bubbles  from  interfering  with 
current  generation  some  means  must  be  provided  for  disposing  of 
the  gas.  In  dry  cells  the  hydrogen  gas  that  causes  polarization 
is  combined  with  oxygen  gas  evolved  by  the  depolarizing  medium 
and  the  combination  of  these  two  gases  produces  water  which  does 
not  interfere  with  the  action  of  the  cell.  Carbon  is  used  in  a  dry 
cell  instead  of  copper  because  it  is  a  cheaper  material  and  the 
electrolyte  is  a  mixture  of  salammoniac  and  chloride  of  zinc  which 
is  held  in  intimate  contact  with  the  zinc  shell  which  forms  the 
negative  element  by  the  blotting  paper  lining. 

Wiring  Dry  Cells. — When  dry  cells  are  used  for  ignition  there 
are  two  practical  methods  of  connecting  these  up.  At  least  four 
dry  cells  are  necessary  to  secure  satisfactory  ignition  and  much 
more  energetic  explosions  will  be  obtained  if  five  or  six  are  used. 
The  common  method  is  to  join  the  cells  together  in  series  as  shown 
at  Fig.  4,  A.  When  connecting  in  this  manner  the  carbon  terminal 
of  one  battery  is  always  coupled  to  the  zinc  binding  post  of  its 
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Fig.  4. — ^Idetliods  of  Connecting  Dry  Cells  and  Precautions  to  be  Observed 

When  Wiring. 


neighbor.  Connection  would  be  made  from  the  carbon  of  the  first 
cell  to  the  zinc  of  the  second,  from  the  carbon  of  the  second  to 
the  zinc  of  the  third,  and  from  the  carbon  of  the  third  to  the 
zinc  of  the  fourth,  this  leaving  the  zinc  terminal  on  the  first  cell 
and  the  carbon  terminal  on  the  fourth  cell  free  to  be  joined  to 
the  external  circuit.    When  dry  cells  are  connected  in  series  the 
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voltage  is  augmented,  that  of  one  cell  being  multiplied  by  the 
number  so  joined.  The  amperage  remains  the  same  as  that  of 
one  cell.  If  a  dry  cell  has  a  potential  of  lj4  volts,  a  battery  com- 
posed of  four  cells  would  show-  5  volts.  When  dry  batteries  are 
used  for  lighting  purposes  or  for  igniting  multiple  cylinder  en- 
gines, in  order  to  obtain  better  results,  they  are  connected  in 
series  multiple,  as  shown  at  B.  Three  sets  of  cells  joined  in  series 
are  placed  side  by  side  with  the  free  carbons  at  one  end  in  line 
and  the  zincs  at  the  other  also  in  line.  The  three  carbons  are 
then  joined  together  by  one  wire,  the  three  zinc  terminals  by  an- 
other. When  joined  in  this  manner  the  battery  has  a  voltage  equal 
to  that  of  four  cells  and  an  amperage  equal  to  that  of  three  cells. 
If  a  series  connected  battery  as  at  A  indicates  5  volts  and  20 
amperes,  the  series  multiple  connection  at  B  will  indicate  5  volts 
and  60  amperes.  When  cells  are  joined  in  multiple  the  drain 
on  any  one  cell  is  reduced  and  it  is  not  so  likely  to  become  ex- 
hausted as  when  four  are  used  in  series.  The  points  to  be  watched 
out  for  when  installing  dry  batteries  are  clearly  outlined  at  the 
bottom  of  Pig.  4.  It  will  be  seen  that  it  is  not  desirable  for  termi- 
nals to  come  in  contact  with  each  other  or  with  the  sides  of  the 
box  or  is  it  conducive  to  good  ignition  to  have  the  zinc  shells  in 
contact.  A  loose  terminal  on  any  one  of  the  batteries  will  re- 
sult in  irregular  ignition  while  a  broken  wire  will  interrupt  it 
altogether.  If  the  insulation  is  frayed  where  a  wire  passes  through 
a  hole  in  a  metal  battery  box  trouble  may  be  experienced  due  to 
short  circuiting  of  the  current  between  the  bare  wire  and  the 
steel  box,  which  may  be  grounded. 

One  of  the  disadvantages  of  primary  cells,  as  those  types  which 
utilize  zinc  as  a  negative  element  are  called,  is  that  the  chemical 
action  produces  deterioration  and  waste  of  material  by  oxidization. 
Dry  cells  are  usually  proportioned  so  that  the  electrolyte  and  de- 
polarizing materials  become  weaker  as  the  zinc  is  used  and  when  a 
dry  cell  is  exhausted  it  is  not  profitable  to  attempt  to  recharge  it 
because  new  ones  can  be  obtained  at  a  lower  cost  than  the  expense 
of  renewing  the  worn  elements  would  be. 

The  number  of  dry  cells  necessary  will  vary  with  the  system  of  ' 
ignition  employed  and  the  size  of  the  motor.    While  two  or  three 
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cells  will  ignite  small  engines  such  as  used  in  motorcycles,  five  or 
six  will  be  needed  on  automobile  engines  employing  high-tension 
ignition.  "When  the  make-and-break  system,  or  low-tension  method, 
is  used  eight  or  ten  cells  are  necessary.  If  the  engine  is  a  multiple 
cylinder  one,  it  will  draw  more  current  than  a  single  cylinder  type 
because  of  the  greater  frequency  of  sparks.  On  four-cylinder  cars 
dry  celjs  should  be  joined  in  multiple  series,  which  is  the  most 
economical  arrangement.  Cells  used  in  multiple  connection  are 
more  enduring  than  if  the  same  number  were  used  independently  in 
single-series  connection.  A  disadvantage  of  a  dry  cell  battery  is 
that  it  is  suited  only  for  intermittent  service  and  it  will  soon  be- 
come exhausted  if  used  where  the  current  demands  are  severe.  For 
this  reason  most  automobiles  in  which  batteries  are  used  for  igni- 
tion employ  storage  or  secondary  batteries  to  furnish  the  current 
regularly  used  and  a  set  of  dry  cells  is  provided  for  use  only  in 
cases  of  emergency  when  the  storage  battery  becomes  exhausted. 

Principles  of  Storage  Battery  Construction. — Some  voltaic 
couples  are  reversible,  i.  e.,  they  may  be  recharged  when  they  have 
become  exhausted  by  passing  a  current  of  electricity  through  them 
in  a  direction  opposite  to  that  in  which  the  current  flows  on  dis- 
charge. Such  batteries  are  known  as  ** accumulators"  or  '^storage 
batteries."  A  storage  battery  belies  its  name  as  it  does  not  store 
current  and  its  action  is  somewhat  similar  to  that  of  the  simpler 
chemical  cell  previously  described.  In  its  simplest  form  a  storage 
cell  would  consist  of  two  elements  and  an  electrolyte,  as  outlined 
at  Fig.  5,  A.  The  storage  battery  differs  from  the  primary  cell 
in  that  the  elements  are  composed  of  the  same  metal  before  charg- 
ing takes  place,  usually  lead  instead  of  being  zinc  or  carbon.  One 
of  the  plates  is  termed  the  '* positive"  and  may  be  distinguished 
from  the  other  because  it  is  brown,  or  chocolate  in  color  after 
charging,  while  the  negative  plate  is  usually  a  light  gray  of  leaden 
color.  The  active  material  of  a  charged  storage  battery  is  not 
metallic  lead  but  oxides  of  that  material. 

The  simple  form  shown  at  A  consists  of  two  plates  of  lead 
which  are  rolled  together  separated  by  insulating  bands  of  rubber 
at  the  top  and  bottom  to  keep  them  from  touching.  This  roll  is 
immersed  in  an  electrolyte  composed  of  a  weak  solution  of  sul- 
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phuric  acid  in  water.  Before  such  a  cell  can  be  used  it  must  be 
chared,  which  consists  of  passing  a  current  of  eleetrieity  through 
it  until  the  lead  plates  have  changed  their  nature.  After  the 
chai^ug  process  is  complete  the  lead  plates  have  become  so 
changed  in  nature  that  they  may  be  considered  as  different  sub- 
stances and  a  chemical  action  results  between  the  negative  plate 
and  the  electrolyte  and  produces  current  just  as  in  the  simple  cell 
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Tig.  5. — Types  of  Accumnlaton  or  Storage  Batteries.  A — Simplo  Form 
of  OelL  B — Batterjr  Composed  of  Three  Oella  Such  as  Oommonly 
Used  for  Ignition  Purposes. 

shown  at  Pig.  3,  A.  "When  the  cell  is  exhausted  the  plates  return 
to  their  metallic  condition  and  are  practically  the  same,  and  as 
there  is  but  little  difference  in  electrical  condition  existing  be- 
tween them,  they  do  not  deliver  any  current  until  electricity  has 
been  passed  through  the  cell  so  as  to  change  the  lead  plates  to 
oxides  of  lead  instead  of  metallic  lead. 

When  storage  cells  are  to  be  used  in  automobile  worfe  they  are 
combined  in  a  single  containing  member,  as  shown  at  Fig.  5,  B, 
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which  is  a  part  sectional  view  of  a  Qeiszler  storage  battery.  The 
main  containing  member,  a  jar  of  hard  rubber,  is  divided  into 
three  parts.  Each  of  these  compartments  serves  to  hold  the  ele- 
ments comprising  one  cell.  The  positive  and  negative  plates  are 
spaced  apart  by  wood  and  hard  rubber  separators  which  prevent 
short  circuiting  between  the  plates.  After  the  elements  have  been 
put  in  place  in  the  compartments  forming  the  individual  cells  of 
the  battery,  the  top  of  the  jar  is  sealed  by  pouring  a  compound 
of  pitch  and  rosin,  or  asphaltum,  over  plates  of  hard  rubber,  which 
keeps  the  sealing  material  from  running  into  the  cells  and  on  the 
plates.  Vents  are  provided  over  each  cell  through  which  gases 
produced  by  charging  or  discharging  are  allowed  to  escape.  These 
are  so  formed  that  while  free  passage  of  gas  is  provided  for,  it  is 
not  possible  for  the  electrolyte  to  splash  out  when  the  vehicle  is 
in  motion. 

It  will  be  evident  that  this  method  of  sealing  would  not  be 
practical  on  a  cell  where  the  members  attacked  by  the  acid  had  to 
be  replaced  from  time  to  time,  but  in  a  storage  battery  only  the 
electrolyte  need  be  renewed.  When  the  plates  are  discharged  they 
are  regenerated  by  passing  a  current  of  electricity  through  them. 
New  electrolyte  or  distilled  water  can  be  easily  inserted  through 
holes  in  which  the  vents  are  screwed.  The  cells  of  which  a  storage 
battery  is  composed  are  joined  together  at  the  factory  with  bars  of 
lead  which  are  burned  in  place  and  only  two  free  terminals  are 
provided  by  which  the  battery  is  coupled  to  the  outer  circuit. 

The  capacity  of  a  storage  battery  depends  upon  the  size  and 
the  number  of  plates  per  cell,  while  the  potential  or  voltage  is 
determined  by  the  number  of  cells  joined  in  series  to  form  the 
battery.  Each  cell  has  a  difference  of  potential  of  two  and  two 
tenths  volts  when  fuUy  charged,  therefore  a  two-cell  battery  will 
deliver  a  current  of  four  and  four  tenths  volts  and  a  three-cell 
type,  as  shown  in  part  section  at  Fig.  6,  will  give  about  six  and 
six  tenths  volts  between  the  terminals.  In  the  form  shown  each 
cell  is  composed  of  a  number  of  plates  and  their  separators.  One 
group  of  the  plates  is  positive,  the  remaining  negative  members. 
The  size  of  storage  battery  to  be  used  depends  upon  the  number 
of  cylinders  of  the  engine  and  also  if  battery  is  to  be  used  for 
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starting  and  lighting  purposes  as  well  as  ignition.  Four-cylinder 
motors  usually  take  a  six-volt,  sixty-ampere-hour  battery,  but  it 
is  desirable  to  supply  a  six-volt  battery  having  eighty-ampere-hour 
capacity  for  six-cylinder  motors  for  ignition  only.  For  lightii^ 
or  starting  100  ampere  hour  batteries  are  needed. 

When  chemical  current  producers  are  depended  upon  to  supply 
the  electricity  used  for  ignition,  two  distinct  sets  are  provided, 
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Fig.   e. — Special  Storage  Batteiy  Designed  to  FnnilBh  Ughtingl  uid 
Starting  Current. 

one  for  regular  service  and  the  other  for  emei^ency  use  in  event 
of  failure  of  that  which  is  depended  upon  regularly.  The  com- 
mon practice  is  to  provide  an  accumulator  or  storage  battery  for 
normal  use  and  a  set  of  dry  cells,  which  are  cheaper  in  first  cost 
and  which  do  not  deteriorate  if  not  used  for  some  time,  for  emer- 
gency service.  When  two  sources  of  current  are  thus  provided,  a 
switch  is  included  in  the  circuit  so  that  either  set  may  be  used 
at  will.  The  zinc  terminal  of  the  dry  battery  and  the  negative 
terminal  of  the  storage  battery  are  joined  t<^ether  by  a  suitable 
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conductor  and  are  grounded  by  running  the  wire  attached  to 
them  to  some  metal  part  of  the  chassis  such  as  the  crank  case  or 
frame  side  member.  The  remaining  terminals,  which  are  the 
positive  of  the  storage  battery  and  the  carbon  of  the  dry  cell,  are 
coupled  to  distinct  terminals  on  the  switch  block. 

The  fact  that  any  battery  cannot  maintain  a  constant  supply 
of  electricity  has  militated  against  their  use  to  a  certain  extent 
and  the  modern  motorist  demands  some  form  of  mechanical  gener- 
ator driven  from  the  power  plant,  which  will  deliver  an  unfailing 
supply  of  electricity  and  keep  the  battery  charged.  The  strength 
of  batteries  is  reduced  according  to  the  amount  of  service  they 
give.  The  more  they  are  used  the  weaker  they  become.  The 
modern  multiple  cylinder  engines  are  especially  severe  in  their 
requirements  upon  the  current  producer  and  the  rapid  sequence 
of  explosions  in  the  average  six-  or  eight-cylinder  motor  produce 
practically  a  steady  drain  upon  the  battery.  When  dry  cells  are 
used  their  discharge  rate  is  very  low  and  as  they  are  designed 
only  for  intermittent  work,  when  the  conditions  are  such  that  a 
constant  flow  of  current  is  required,  they  are  unsuitable  and  will 
soon  deteriorate.  A  more  comprehensive  discussion  on  the  care, 
repair  and  charging  of  storage  batteries  will  be  found  in  the 
following  chapter. 

Fundamentals  of  Magnetism  Outlined. — To  properly  under- 
stand the  phenomena  and  forces  involved  in  the  generation  of 
electrical  energy  by  mechanical  means  it  is  necessary  to  become 
familiar  with  some  of  the  elementary  principles  of  magnetism 
and  its  relation  to  electricity.  The  following  matter  can  be  read 
with  profit  by  those  who  are  not  familiar  with  the  subject.  Most 
persons  know  that  magnetism  exists  in  certain  substances,  but  many 
are  not  able  to  grasp  the  terms  used  in  describing  the  operation 
of  various  electrical  devices  because  of  not  possessing  a  knowledge 
of  the  basic  facts  upon  which  the  action  of  such  apparatus  is  based. 

Magnetism  is  a  property  possessed  by  certain  substances  and  is 
manifested  by  the  ability  to  attract  and  repel  other  materials  sus- 
ceptible to  its  effects.  When  this  phenomena  is  manifested  by  a 
conductor  or  wire  through  which  a  current  of  electricity  is  flowing 
it  is  termed  ''electro-magnetism.''    Magnetism  and  electricity  are 
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closely  related,  each  being  capable  of  producing  the  other.  Prac- 
tically all  of  the  phenomena  manifested  by  materials  which  possess 
magnetic  qualities  naturally  can  be  easily  reproduced  by  passing  a 
current  of  electricity  through  a  body  which,  when  not  under  elec- 
trical influence,  is  not  a  magnetic  substance.  'Only  certain  sub- 
stances show  magnetic  properties,  these  being  iron,  nickel,  cobalt 
and  their  alloys. 

The  earliest  known  substance  possessing  magnetic  properties 
was  a  stone  first  found  in  Asia  Minor.  It  was  called  the  lodestone 
or  leading  stone,  because  of  its  tendency,  if  arranged  so  it  could 
be  moved  freely,  of  pointing  one  particular  portion  toward  the 
north.  The  compass  of  the  ancient  Chinese  mariners  was  a  piece^ 
of  this  material,  now  known  to  be  iron  ore,  suspended  by  a  light 
thread  or  floated  on  a  cork  in  some  liquid  so  one  end  would  point 
toward  the  north  magnetic  pole  of  the  earth.  The  reason  that 
this  stone  was  magnetic  was  hard  to  deflne  for  a  time,  until  it  was 
learned  that  the  earth  was  one  huge  magnet  and  that  the  iron  ore, 
being  particularly  susceptible,  absorbed  and  retained  some  of  this 
magnetism. 

Most  of  us  are  familiar  with  some  of  the  properties  of  the  mag- 
net because  of  the  extensive  sale  and  use  of  small  horseshoe  mag- 
nets as  toys.  As  they  only  cost  a  few  pennies  everyone  has  owned 
one  at  some  time  or  other  and  has  experimented  with  various  ma- 
terials to  see  if  they  would  be  attracted.  Small  pieces  of  iron  or 
steel  were  quickly  attracted  to  the  magnet  and  adhered  to  the  pole 
pieces  when  brought  within  the  zone  of  magnetic  influence.  It  was 
soon  learned  that  brass,  copper,  tin  or  zinc  were  not  affected  by  the 
magnet.  A  simple"  experiment  that  serves  to  illustrate  magnetic 
attraction  of  several  substances  is  shown  at  A,  Fig.  7.  In  this, 
several  balls  are  hung  from  a  standard  or  support,  one  of  these 
being  of  iron  or  steel,  the  other  two  of  any  other  of  the  common 
materials  or  metals.  If  a  magnet  is  brought  close  to  the  group  of 
balls,  only  one  will  be  attracted  toward  it,  while  the  others  will 
remain  indifferent  to  the  magnetic  force.  Experimenters  soon 
learned  that  of  the  common  metals  only  iron  or  steel  were  magnetic. 

If  the  ordinary  bar  or  horseshoe  magnet  be  carefully  examined, 
one  end  will  be  found  to  be  marked  N.    This  indicates  the  north 


84  Starting,  Lighting  and  Ignition  Systems 


r^ 

r\ 

^ 

H 

^ 

^  J: 

k          V 

d^  ^ 

Inai  Attracttd  by  »fajnrt. 

Forms  ofMagneta. 

/7e/rfa  of  Magnetic  Inflaanet. 

Tv 

\ 

Bar 

HcruiliM 

It 

t           e 

B       SImpI, 

1  ■ 

Jcon,^„, 

HsrmhiK  Magnate 

Fig.'  7. — ScHue  Simple  Expetlmente  ti>  DemonBtrate  Various  Magnetic 
Phenomena  and  to  Oleariy  Outline  Effects  of  MagDetiam  and  Toima 
of  Magnets, 


Fundamentals  of  Magnetism  35 

pole,  while  the  other  end  is  not  usually  marked  and  is  the  soath 
pole.  If  the  north  pole  of  one  magnet  is  brought  near  the  south 
pole  of  another,  a  strong  attraction  will  exist  between  them,  this 
depending  upon  the  size  of  the  magnets  used  and  the  air  gap 
separating  the  poles.  If  the  south  pole  of  one  magnet  is  brought 
close  to  the  end  of  the  same  polarity  of  the  other  there  will  be  a 
pronounced  repulsion  of  like  force.  These  facts  are  easily  proved 
by  the  simple  experiment  outlined  at  B,  Fig.  7.  A  magnet  will 
only  attract  or  influence  a  substance  having  similar  qualities.  The 
like  poles  of  magnets  will  repel  each  other  because  of  the  obvious 
impossibility  of  uniting  two  influences  or  forces  of  practically 
equal  strength  but  flowing  in  opposite  directions.  The  unlike  poles 
of  magnets  attract  each  other  because  the  force  is  flowing  in  the 
same  direction.  The  flow  of  magnetism  is  through  the  magnet 
from  south  to  north  and  the  circuit  is  completed  by  the  flow  of 
magnetic  influence  through  the  air  gap  or  metal  armature  bridging 
it  from  the  north  to  the  south  pole. 

Forms  of  Magnets  and  Zone  of  Magnetic  Influence  Defined. — 

Magnets  are  commonly  made  in  two  forms,  either  in  the  shape  of  a 
bar  or  horseshoe.  These  two  forms  are  made  in  two  types,  simple 
or  compound.  The  latter  are  composed  of  a  number  of  magnets  of 
the  same  form  united  so  the  ends  of  like  polarity  are  placed  to- 
gether, and  such  a  construction  will  be  more  efficient  and  have  more 
strength  than  a  simple  magnet  of  the  same  weight.  The  two  com- 
mon forms  of  simple  and  compound  magnets  are  shown  at  C,  Fig. 
7.  The  zone  in  which  a  magnetic  influence  occurs  is  called  the 
magnetic  field,  and  this  force  can  be  graphically  shown  by  means 
of  imaginary  lines,  which  are  termed  '* lines  of  force.''  As  will 
be  seen  from  the  diagram  at  D,  Fig.  7,  the  lines  show  the  direction 
and  action  of  the  magnetic  force  and  also  show  its  strength,  as 
they  are  closer  together  and  more  numerous  when  the  intensity 
of  the  magnetic  field  is  at  its  maximum.  A  simple  method  of 
demonstrating  the  presence  of  the  force  is  to  lay  a  thin  piece  of 
paper  over  the  pole  pieces  of  either  a  bar  or  horseshoe  magnet  and 
sprinkle  fine  iron  filings  on  it.  The  particles  of  metal  arrange 
themselves  in  very  much  the  manner  shown  in  the  illustrations  and 
prove  that  the  magnetic  field  actually  exists. 
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The  form  of  magnet  used  will  materially  affect  the  size  and  area 
of  the  magnetic  field.  It  will  be  noted  that  the  field  will  be  con- 
centrated to  a  greater  extent  with  the  horseshoe  form  because  of 
the  proximity  of  the  poles.  It  should  be  understood  that  these 
lines  have  no  actual  existence,  but  are  imaginary  and  assumed  to 
exist  only  to  show  the  way  the  magnetic  field  is  distributed.  The 
magnetic  influence  is  always  greater  at  the  poles  than  at  the  center, 
and  that  is  why  a  horseshoe  or  U-form  magnet  is  used  in  practi- 
cally all  magnetos  or  dynamos.  This  greater  attraction  at  the  poles 
can  be  clearly  demonstrated  by  sprinkling  iron  filings  on  bar  and 
U  magnets,  as  outlined  at  E,  Fig.  7.  A  large  mass  gathers  at  the 
pole  pieces,  gradually  tapering  down  toward  the  point  where  the 
attraction  is  least. 

From  the  diagrams  it  will  be  seen  that  the  flow  of  magnetism  is 
from  one  pole  to  the  other  by  means  of  curved  paths  between  them. 
This  circuit  is  completed  by  the  magnetism  flowing  from  one  pole 
to  the  other  through  the  magnet,  and  as  this  flow  is  continued  as 
long  as  the  body  remains  magnetic  it  constitutes  a  magnetic  cir- 
cuit. If  this  flow  were  temporarily  interrupted  by  means  of  a 
conductor  of  electricity  moving  through  the  field  there  would  be 
a  current  of  electricity  induced  in  the  conductor  every  time  it  cut 
the  lines  of  force.  There  are  three  kinds  of  magnetic  circuits.  A 
non-magnetic  circuit  is  one  in  which  the  magnetic  influence  com- 
pletes its  circuit  through  some  substance  not  susceptible  to  the 
force.  A  closed  magnetic  circuit  is  one  in  which  the  influence 
completes  its  circuit  through  some  magnetic  material  which  bridges 
the  gap  between  the  poles.  A  compound  circuit  is  that  in  which 
the  magnetic  influence  passes  through  magnetic  substances  and 
non-magnetic  substances  in  order  to  complete  its  circuit. 

How  Iron  and  Steel  Bars  are  Made  Magnetic. — Magnetism 
may  be  produced  in  two  ways,  by  contact  or  induction.    If  a  piece 

# 

of  steel  is  rubbed  on  a  magnet  it  will  be  found  a  magnet  when 
removed,  having  a  north  and  south  pole  and  all  of  the  properties 
found  in  the  energizing  magnet.  This  is  magnetizing  by  contact. 
A  piece  of  steel  will  retain  the  magnetism  imparted  to  it  for  a 
considerable  length  of  time,  and  the  influence  that  remains  is 
known  as  residual  magnetism.    This  property  may  be  increased  by 


Electricity  and  Magnetism  Belated  37 

alloying  the  steel  with  tungsten  and  hardening  it  before  it  is  mag- 
netized. Any  material  that  will  retain  its  magnetic  influence  after 
removal  from  the  source  of  magnetism  is  known  as  a  permanent 
magnet.  If  a  piece  of  iron  or  steel  is  brought  into  the  magnetic 
field  of  a  powerful  magnet  it  becomes  a  magnet  without  actual 
contact  with  the  energizer.  This  is  magnetizing  by  magnetic  in- 
duction. If  a  powerful  electric  current  flows  through  an  insulated 
conductor  wound  around  a  piece  of  iron  or  steel  it  will  make  a 
magnet  of  it.  This  is  magnetizing  by  electro-magnetic  induction. 
A  magnet  made  in  this  manner  is  termed  an  electro-magnet  and 
usually  the  metal  is  of  such  a  nature  that  it  will  not  retain  its 
magnetism '  when  the  current  ceases  to  flow  around  it.  Steel  is 
used  in  all  cases  where  permanent  magnets  are  required,  while  soft 
iron  is  employed  in  all  cases  where  an  intermittent  magnetic  action 
is  desired.  Magneto  field  magnets  are  always  made  of  steel  alloy, 
so  treated  that  it  will  retain  its  magnetism  for  lengthy  periods. 

Electricity  and  Magnetism  Closely  Belated. — There  are  many 
points  in  which  magnetism  and  electricity  are  alike.  For  instance, 
air  is  a  medium  that  offers  considerable  resistance  to  the  passage 
of  both  magnetic  influence  and  electric  energy,  although  it  offers 
more  resistance  to  the  passage  of  the  latter.  Minerals  like  iron  or 
steel  are  very  easily  influenced  by  magnetism  and  easily  penetrated 
by  it.  When  one  of  these  is  present  in  the  magnetic  circuit  the 
magnetism  will  flow  through  the  metal.  Any  metal  is  a  good  con- 
ductor for  the  passage  of  the  electric  current,  but  few  metals  are 
good  conductors  of  magnetic  energy.  A  body  of  the  proper  metal 
will  become  a  magnet  due  to  induction  if  placed  in  the  magnetic 
field,  having  a  south  pole  where  the  lines  of  force  enter  it  and  a 
north  pole  where  they  pass  out. 

"We  have  seen  that  a  magnet  is  constantly  surrounded  by  a  mag- 
netic field  and  that  an  electrical  conductor  when  carrying  a  cur- 
rent is  also  surrounded  by  a  field  of  magnetic  influence.  Now  if 
the  conductor  carrying  a  current  of  electricity  will  induce  mag- 
netism in  a  bar  of  iron  or  steel,  by  a  reversal  of  this  process,  a 
magnetized  iron  or  steel  bar  will  produce  a  current  of  electricity 
in  a  conductor.  It  is  upon  this  principle  that  the  modem  dynamo 
or  magneto  is  constructed.    If  an  electro-motive  force  is  induced 
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in  a  conductor  by  moving  it  across  a  field  of  magnetic  influence, 
or  by  passing  a  magnetic  field  near  a  conductor,  electricity  is  said 
to  be  generated  by  magneto-electric  induction.  All  mechanical 
generators  of  the  electric  current  using  permanent  steel  magnets 
to  produce  a  field  of  magnetic  influence  are  of  this  type. 

Basic  Principles  of  Magneto  Action  Outlined. — The  accom- 
panying diagram,  Fig.  8,  will  show  these  principles  very  clearly. 
As  stated  earlier  in  this  chapter,  if  the  lines  of  force  in  the  magnetic 
field  are  cut  by  a  suitable  conductor  an  electrical  impulse  will  be 
produced  in  that  conductor.  In  this  simple  machine  the  lines  of 
force  exist  between  the  poles  of  a  horseshoe  magnet.  The  con- 
ductor, which  in  this  case  is  a  loop  of  copper  wire,  is  mounted  upon 
a  spindle  in  order  that  it  may  be  rotated  in  the  magnetic  field  to 
cut  the  lines  of  magnetic  influence  present  between  the  pole  pieces. 
Both  of  the  ends  of  this  loop  are  connected,  one  with  the  insulated 
drum  shown  upon  the  shaft,  the  other  to  the  shaft.  Two  metal 
brushes  are  employed  to  collect  the  current  and  cause  it  to  flow 
through  the  external  circuit.  It  can  be  seen  that  when  the  shaft 
is  turned  in  the  direction  of  the  arrow  the  loop  will  cut  through 
the  lines  of  magnetic  influence  and  a  current  will  be  generated 
therein. 

The  pressure  of  the  current  and  the  amount  produced  vary  in 
accordance  to  the  rapidity  with  which  the  lines  of  magnetic  in- 
fluence are  cut.  The  armature  of  a  practical  magneto,  therefore, 
differs  materially  with  that  shown  in  the  diagram.  A  large  num- 
ber of  loops  of  wire  would  be  mounted  upon  this  shaft  in  order 
that  the  lines  of  magnetic  influence  would  be  cut  a  greater  number 
of  times  in  a  given  period  and  a  core  of  iron  used  as  a  backing  for 
the  wire.  This  would  give  a  more  rapid  alternating  current  and  a 
higher  electro-motive  force  than  would  be  the  case  with  a  smaller 
number  of  loops  of  wire. 

The  illustrations  at  Fig.  9  show  a  conventional  double  wind- 
ing armature  and  field  magnets  of  a  practical  magneto  in  part  sec- 
tion and  will  serve  to  more  fully  emphasize  the  points  previously 
made.  If  the  armature  or  spindle  were  removed  from  between  the 
pole  pieces  there  would  exist  a  field  of  magnetic  influence  as  shown 
at  Fig.  7,  but  the  introduction  of  this  component  provides  a  con- 
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ductor  (the  iron  core)  for  the  magnetic  energy,  regardless  of  its 
position,  though  the  facility  with  which  the  influence  will  be  trans- 
mitted depends  entirely  upon  the  position  of  the  core.    As  shown  at 
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A,  the  magnetic  flow  is  through  the  main  body  in  a  straight  line, 
vhile  at  B,  which  position  the  armature  has  attained  after  one- 
eighth  revolution,  or  45  degrees  travel  in  the  direction  of  the  arrow, 
the  magnetism  must  pass  through  in  the  manner  indicated.  At 
C,  which  position  is  attained  every  half  revolution,  the  magnetic 
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energy  abandons  the  longer  path  through  the  body  of  the  core  for 
the  shorter  passage  offered  by  the  side  pieces,  and  the  field  thrown 
out  by  the  cross  bar  disappears.  On  further  rotation  of  the  arma- 
ture, as  at  D,  the  body  of  the  core  again  becomes  energized  as  the 
magnetic  influence  resumes  its  flow  through  it.  These  changes  in 
the  strength  of  the  magnetic  field  when  distorted  by  the  armature 
core,  as  well  as  the  intensity  of  the  energy  existing  in  the  field, 
affect  the,  windings  and  the  electrical  energy  induced  therein  corre- 
sponds in  strength  to  the  rapidity  with  which  these  changes  in  mag- 
netic flow  occur.  The  most  pronounced  changes  in  the  strength  of 
the  field  will  occur  as  the  armature  passes  from  position  B  to  D, 
because  the  magnetic  field  existing  around  the  core  will  be  de- 
stroyed and  again  reestablished. 

During  the  most  of  the  armature  rotation  the  changes  in 
strength  will  be  slight  and  the  currents  induced  in  the  wire  corre- 
spondingly small ;  but  at  the  instant  the  core  becomes  remagnetized, 
as  the  armature  leaves  position  C,  the  current  produced  will  be  at 
its  maximum,  and  it  is  necessary  to  so  time  the  rotation  of  the 
armature  that  at  this  instant  one  of  the  cylinders  is  in  condition 
to  be  fired.  It  is  imperative  that  the  armature  be  driven  in  such 
relation  to  the  crankshaft  that  each  production  of  maximum  cur- 
rent coincides  with  the  ignition  point,  this  condition  existing  twice 
during  each  revolution  of  the  armature,  or  at  every  180  degrees 
travel.  Each  position  shown  corresponds  to  45  degrees  travel  of 
the  armature,  or  one-eighth  of  a  turn,  and  it  takes  just  one-half 
revolution  to  change  the  position  from  A  to  that  shown  at  D.  (See 
Fig.  10  also.) 

Essential  Parts  of  a  Magneto  and  their  Functions. — The  mag- 
nets which  produce  the  influence  that  in  turn  induces  the  electrical 
energy  in  the  winding  or  loops  of  wire  on  the  armature,  and  which 
may  have  any  even  number  of  opposed  poles,  are  called  field  mag- 
nets. The  loops  of  wire  which  are  mounted  upon  a  suitable  drum 
and  rotate  in  the  field  of  magnetic  influence  in  order  to  cut  the 
lines  of  force  is  called  an  armature  winding,  while  the  core  is  the 
metal  portion.  The  entire  assembly  is  called  the  armature.  The 
exposed  ends  of  the  magnets  are  called  pole  pieces  and  the  arrange- 
ment used  to  collect  the  current  is  either  a  commutator  or  a  col- 
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Fig.  9. — Showing  How  Strength  of  Magnetic  Influence  and  of  tlie  Cur- 
rent Induced  In  tbe  '^K^dings  of  Magneto  Aimatnxe  Tat7  wltb  ^e 
Bapldltf  of  CbEingeB  of  Direction  In  Flow. 
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lector.  The  stationary  pieces  which  bear  against  the  collector  or 
commutator  and  act  as  terminals  for  the  outside  circuit  are  called 
brushes.  These  brushes  are  often  of  copper  in  large  machines,  or 
some  of  its  alloys,  because  copper  has  a  greater  electrical  conduc- 
tivity than  any  other  metal. 

These  brushes  are  nearly  always  made  of  carbon  in  small  ma- 
chines which  is  sometimes  electroplated  with  copper  to  increase  its 
electrical  conductivity,  though  cylinders  of  copper  wire  gauze  im- 
pregnated with  graphite  are  often  utilized.  Carbon  is  used  because 
it  is  not  so  liable  to  cut  the  metal  of  the  commutator  as  might  be 
the  case  if  the  contact  was  of  the  metal  to  metal  type.  The  reason 
for  this  is  that  carbon  has  the  peculiar  property  in  that  it  ma- 
terially assists  in  the  lubrication  of  the  commutator,  and  being  of 
soft,  unctuous  composition,  will  wear  and  conform  to  any  irregu- 
larities on  the  surface  of  the  metal  collector  rings. 

The  magneto  in  common  use  consists  of  a  number  of  horseshoe 
magnets  which  are  compound  in  form  and  attached  to  suitable  cast- 
iron  pole  pieces  used  to  collect  and  concentrate  the  magnetic  influ- 
ence of  the  various  magnets.  Between  these  pole  pieces  an  armature 
rotates.  This  is  usually  shaped  like  a  shuttle,  around  which  is 
wound  coils  of  insulated  wire.  These  are  composed  of  a  large  num- 
ber of  turns  and  the  current  produced  depends  in  great  measure 
upon  the  size  of  the  wire  and  the  number  of  turns  per  coil.  An 
armature  winding  of  large  wire  will  deliver  a  current  of  great  am- 
perage, but  of  small  voltage.  An  armature  wound  with  very  fine 
wire  will  deliver  a  current  of  high  voltage  but  of  low  amperage. 
In  the  ordinary  form  of  magneto,  such  as  used  for  ignition,  the 
current  is  alternating  in  character  and  the  break  in  the  circuit 
should  be  timed  to  occur  when  the  armature  is  at  the  point  of  its 
greatest  potential  or  pressure.  Where  such  a  generator  is  designed 
for  direct  current  production  the  ends  of  the  winding  are  attached 
to  the  segments  of  a  commutator,  but  where  the  instrument  is  de- 
signed to  deliver  an  alternating  current  one  end  of  the  winding 
is  fastened  to  an  insulator  ring  on  one  end  of  the  armature  shaft 
and  the  other  end  is  grounded  on  the  frame  of  the  machine. 

The  quantity  of  current  depends  upon  the  strength  of  the  mag- 
netic field  and  the  number  of  lines  of  magnetic  influence  acting 
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through  the  armature.  The  electromotive  force  varies  as  to  the 
length  of  the  armature  winding  and  the  number  of  revolutions  at 
which  the  armature  is  rotated. 
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Tig,  10. — ^Diagram  Showing  How  Magneto  Current  Strength  Fluctuates 

with  Varying  Armature  Positions 


The  Transformer  System  uses  Low  Voltage  Magneto. — The 

magneto  in  the  various  systems  which  employ  a  transformer  coil 
is  very  similar  to  a  low-tension  generator  in  general  construction, 
and  the  current  delivered  at  the  terminals  seldom  exceeds  100  volts. 
As  it  requires  many  times  that  potential  or  pressure  to  leap  the 
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gap  which  exists  between  the  points  of  the  conventional  spark  plug, 
a  separate  coil  is  placed  in  circuit  to  intensify  the  current  to  one 
of  greater  capacity.  The  essential  parts  of  such  a  system  and  their 
relation  to  each  other  are  shown  in  diagrammatic  form  at  Fig.  12. 
As  is  true  of  other  systems  the  magnetic  influence  is  produced  by 
permanent  steel  magnets  clamped  to  the  cast-iron  pole  pieces  be- 
tween which  the  armature  rotates.  At  the  point  of  greatest  poten- 
tial in  the  armature  winding  the  current  is  broken  by  the  contact 
breaker,  which  is  actuated  by  a  cam,  and  a  current  of  higher  value 
is  induced  in  the  secondary  winding  of  the  transformer  coil  when 
the  low  voltage  current  is  passed  through  the  primary  winding. 

It  will  be  noted  that  the  points  of  the  contact  breaker  are  to- 
gether except  for  the  brief  instant  when  separated  by  the  action 
of  the  point  of  the  cam  upon  the  lever.  It  is  obvious  that  the  arma- 
ture winding  is  short-circuited  upon  itself  except  when  the  contact 
points  are  separated.  While  the  armature  winding  is  thus  short- 
circuited  there  will  be  practically  no  generation  of  current.  When 
the  points  are  separated  there  is  a  sudden  flow  of  current  through 
the  primary  winding  of  the  transformer  coil,  inducing  a  secondary 
current  in  the  other  winding,  which  can  be  varied  in  strength  by 
certain  considerations  in  the  preliminary  design  of  the  apparatus. 
This  current  of  higher  potential  or  voltage  is  conducted  directly  to 
the  plug  if  the  device  is  fitted  to  a  single-cylinder  engine,  or  to 
the  distributor  arm  if  fitted  to  a  multiple-cylinder  motor.  The 
distributor  consists  of  an  insulator  in  which  is  placed  a  number  of 
segments,  one  for  each  cylinder  to  be  fired,  and  so  spaced  that  the 
number  of  degrees  between  them  correspond  to  the  ignition  points 
of  the  motor.  A  two-cylinder  motor  would  have  two  segments,  a 
three-cylinder,  three  segments,  and  so  on  within  the  capacity  of 
the  instrument.  In  the  illustration  a  four-cylinder  distributor  is 
fitted,  and  the  distributing  arm  is  in  contact  with  the  segment  corre- 
sponding to  the  cylinder  about  to  be  fired. 

True  High-Tension  Magnetos  are  Self-Contained. — The  true 
high-tension  magneto  differs  from  the  preceding  inasmuch  as  the 
current  of  high  voltage  is  produced  in  the  armature  winding  direct, 
without  the  use  of  the  separate  coil.  Instead  of  but  one  coil,  the 
armature  carries  two,  one  of  comparatively  coarse  wire,  the  other 
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of  many  turns  of  finer  wire.  The  arrangement  of  these  windings 
can  be  readily  ascertained  by  reference  to  the  diagram  B,  Pig.  12, 
which  shows  the  principle  of  operation  very  clearly.  One  end  of 
the  primary  winding  (coarse  wire)  is  coupled  or  grounded  to  the 
armature  core,  and  the  other  passes  to  the  insulated  part  of  the 
interrupter.  While  in  some  forms  the  interrupter  or  contact 
breaker  meehaoism  does  not  revolve,  the  desired  motion  being  im- 
parted to  the  contact  lever  to  separate  the  points  by  a  revolving 


Fig.  12. — DiagramB  Ezplalnlng  Action  of  Low  Tenalou  or  Tiansfonnei 
Coil  Magneto  System  at  A  and  True  Hlgli  Tenaion  Magneto  System 
at  B. 

cam,  in  this  the  cam  or  tripping  mechanism  is  stationary  and  the 
contact  breaker  revolves.  This  arrangement  makes  it  possible  to 
conduct  the  current  from  the  revolving  primary  coil  to  the  inter. 
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rupter  by  a  direct  conneetion,  eliminating  the  use  of  bruslies,  which 
would  otherwise  be  necessary.  In  other  forms  of  this  appliance 
where  the  winding  is  stationary,  the  interrupter  may  be  operated 
by  a  revolving  cam,  though,  if  desired,  the  use  of  a  brush  at  this 
point  will  permit  this  construction  with  a  revolving  winding. 

During  the   revolution   of  the  armature   the   grounded  lever 
makes  and  breaks  contact  with  the  insulated  point,  short-circuiting 


FlR.  13. — Typical  Magneto  Forma.    A — Tr&nsfoimer  OoU  Type.    B — Tnw 
High  Tension  InBtnunent. 

the  primary  winding  upon  itself  until  the  armature  reaches  the 
proper  position  of  maximum  intensity  of  current  production,  at 
which  time  the  circuit  is  broken,  as  in  the  former  instance.  One 
end  of  the  secondary  winding  (fine  wire)  is  grounded  on  the  live 
end  of 'the  primary,  the  other  end  being  attached  to  the  revolving 
arm  of  the  distributor  mechanism.  So  long  as  a  closed  circuit  is 
maintained  feeble  currents  will  pass  through  the  primary  winding, 
and  so  long  as  the  contact  points  are  together  this  condition  will 


48  Starting  J  Lighting  and  Ignition  Systems 

exist.  When  the  current  reaches  its  maximum  value,  because  of 
the  armature  being  in  the  best  position,  the  cam  operates  the  in- 
terrupter and  the  points  are  separated,  breaking  the  short  circuit 
which  has  existed  in  the  primary  winding. 

The  secondary  circuit  has  been  open  while  the  distributor  arm 
has  moved  from  one  contact  to  another  and  there  has  been  no  flow 
of  energy  through  this  winding.  While  the  electrical  pressure  will 
rise  in  this,  even  if  the  distributor  arm  contacted  with  one  of  the 
segments,  there  would  be  no  spark  at  the  plug  until  the  contact 
points  separated,  because  the  current .  in  the  secondary  winding 
would  not  be  of  sufficient  strength.  When  the  interrupter  oper- 
ates, however,  the  maximum  primary  current  will  be  diverted  from 
its  short  circuit  and  can  flow  to  the  ground  only  through  the  sec- 
ondary winding  and  spark-plug  circuit.  The  high  pressure  now 
existing  in  the  secondary  winding  will  be  greatly  increased  by  the 
sudden  flow  of  primary  current,  and  energy  of  high  enough  poten- 
tial to  successfully  bridge  the  gap  at  the  plug,  is  thereby  produced 
in  the  winding. 

Dynamo  Electric  Machines. — Two  distinct  types  of  mechanical 
generators  are  in  common  use,  and  while  their  principles  of  action 
are  practically  the  same,  they  differ  somewhat  in  construction  and 
application.  The  forms  first  used  to  succeed  the  battery  were 
modifications  of  the  larger  dynamo  electric  machines  used  for  de- 
livering current  for  power  and  lighting.  Later  developments  re- 
sulted in  the  simplification  of  the  dynamo,  by  which  it  was  made 
lighter  and  more,  efficient,  and  the  modern  magneto  igniter  is  the 
form  usually  furnished  on  conventional  power  plants.  A  dynamo 
uses  electro-magnets  to  produce  a  magnetic  field  for  the  armature 
to  revolve  in,  and  is  necessarily  somewhat  heavier  and  larger  than 
a  magneto  of  equal  capacity  because  the  field  in  the  latter  instru- 
ment is  produced  by  permanent  magnets.  An  important  advantage 
in  using  the  magneto  form  of  construction  is  that  the  weight  of  the 
windings  is  saved  because  the  permanent  magnets  retain  their 
magnetism  and  do  not  require  the  continual  energizing  that  an 
electro-magnet  demands. 

The  dynamo  construction  is  superior  where  a  continual  drain  is 
made  upon  the  apparatus,  because  if  a  magneto  is  used  continu- 
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ously  the  magnets  are  liable  to  lose  some  of  their  strength,  and 
as  the  magnetic  field  existing  between  the  pole  pieces  decreases  in 
value  the  amount  of  current  delivered  by  the  apparatus  diminishes 
in  direct  proportion.  When  electro-magnets  are  used  the  con- 
stant flow  of  electrical  energy  through  the  windings  keeps  them 
energized  to  the  proper  point,  and  as  current  is  continuously  sup- 
plied, the  strength  of  the  magneto  field  remains  constant.  The  dy- 
namo form  of  generator  is  utilized  where  currents  of  considerable 
value  are  needed,  such  as  in  electric  lighting  systems  now  so  widely 
used  on  automobiles. 

"Where  the  device  is  depended  upon  only  to  furnish  ignition 
current  the  magneto  is  preferred  by  most  engineers  because  it  is 
simpler  and  lighter  than  the  dynamo,  and  also  because  it  may  be 
made  in  such  form  that  it  will  comprise  a  complete  ignition  system 
in  itself.  When  a  dynamo  is  utilized  the  conditions  are  just  the 
same,  as  far  as  necessary  auxiliary  apparatus  is  conceri^ed,  as 
though  batteries  were  used,  and  one  merely  substitutes  a  mechani- 
cal generator  in  place  of  the  chemical  cells.  The  same  auxiliary 
apparatus  necessary  in  one  case  is  employed  in  the  other  as  well. 

A  dynamo  or  magneto  produces  electricity  by  an  inductive  ac- 
tion, which  is  a  reversal  of  the  phenomena  by  which  a  current  of 
electricity  flowing  around  a  bar  of  iron  or  steel  .makes  a  magnet 
of  it.  If  a  wire  through  which  a  current  of  electricity  is  flowing 
will  magnetize  a  bar  of  iron,  a  bar  of  steel  which  is  already  mag- 
netized will  generate  a  current  of  electricity  by  induction  in  a 
conductor  surrounding  it  if  either  the  magnet  or  the  coil  of  wire 
is  moved  in  such  a  manner  that  the  magnetic  influence  is  traversed 
or  traverses  the  wire.  In  a  dynamo  or  magneto  a  coil  of  wire 
mounted  on  a  suitable  armature  is  revolved  between  the  pole  pieces 
of  the  field  magnet  and  as  the  conductor  cuts  across  the  zone  of 
magnetic  influence  a  current  of  electricity  is  induced  in  the  coil. 
The  faster  the  coil  is  rotated  the  more  rapidly  the  winding  passes 
through  the  magnetic  field.  As  an  electrical  impulse  is  produced 
every  time  the  magnetic  field  is  traversed,  it  is  patent  that  the 
greater  number  of  electrical  impulses  will  produce  a  current  of 
higher  value.  : 

A  sectional  view  of  a  typical  governed  dynamo  electric  machine 
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of  simple  design  is  shown  at  Fig.  14.  All  parts  are  clearly 
indicated  and  there  should  be  no  difficulty  in  understanding  the 
principles  of  operation.  The  three  main  portions  of  the  dynamo 
are  the  field  magnets,  vhich  produce  the  magnetic  field,  the  arma- 
ture, which  carries  the  coils  of  wire  and  which  is  mounted  between 
the  extremities  or  pole  pieces  of  the  magnet,  and  the  brushes,  which 
bear  against  segments  of  a  collecting  device  known  as  a  commu- 
tator serving  to  convey  the  current  to  terminals  which  are  joined 
to  the  outer  circuit.     In  the  form  shown  the  field  magnets  are 


Fig.  14. — aza,j  ft  Davis  Oovemed  Dynamo,  an  Appliance  for  Frodacing 
Electricity  ly  Uecbanlcal  Ueuis. 

composed  of  a  number  of  iron  stampings  which  are  surrounded 
by  a  coil  of  wire,  and  two  such  magnets  are  provided,  one  above, 
the  other  below,  the  armature.  The  armature  is  supported  on  a 
shaft  mounted  in  ball  bearings  so  that  it  will  turn  with  minimum 
friction.    The  whole  mechanism  is  protected  by  an  outer  casing. 

The  device  shown  is  a  constant  speed  dynamo,  i.e.,  it  should  be 
operated  at  a  certain  speed  to  obtain  the  best  results.  If  run  faster 
than  the  speed  for  which  it  is  designed  the  excess  current  gener- 
ated is  liable  to  burn  out  the  windings  of  the  field  magnet.  For  this 
reason  a  governor  of  the  fly  ball  type  is  interposed  between  the 
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dynamo  armature  and  the  driving  shaft  coupled  to  the  source  of 
power.  At  all  normal  speeds  the  tension  of  the  governor  spring 
keeps  the  two  plates  of  the  clutch  in  contact  and  the  armature  is 
turned  at  the  same  speed  as  the  driving  shaft. 

Should  the  driving  shaft  speed  exceed  a  certain  predetermined 
limit  the  governor  weights  will  fly  out  by  centrifugal  force  and  the 


ng.  15. — How  Qiay  &  Davie  Q«nerator  is  Driven  by  Silent  Chain  Con- 
nection wlttL  Eiigine  Cranksbaft. 

governor  spring  will  be  compressed  so  the  driving  and  driven  plates 
of  the  clutch  are  separated  and  the  driving  shaft  revolves  inde- 
pendently of  the  armature.  As  soon  as  the  armature  speed  becomes 
'  reduced  sufficiently  to  allow  the  governor  spring  to  overcome  the 
centrifugal  force  and  draw  back  the  governor  weights,  the  clutch 
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plates  are  again  brought  into  contact  and  the  armature  is  again 
joined  to  the  driving  shaft. 

A  current  of  air  is  kept  circulating  through  the  casing  by 
means  of  the  fan  action  of  the  reenforcing  webs  of  the  clutch  plate, 
the  object  being  to  absorb  any  heat  which  may  be  produced  while 


Fig.  1«. — Diatlnctlva  Form  of  Cunent  Producer  Used  on  Ford  Cars  Is 
Incorporated  In  ttie  Power  Plant  Flywlieel. 

the  dynamo  is  in  action.  An  appliance  of  this  nature  may  be 
driven  from  the  engine  by  belt,  chain,  or  gear  connection  (Fig. 
15) .  It  will  deliver  low  voltage  current  which  must  be  transformed 
by  means  of  an  indueetion  coil  to  current  of  higher  value  in  order 
that  it  may  be  suecessfuUy  utilized  to  produce  the  spark  in  the 
combustion  chambers  of  the  e:igine. 
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A  very  iDgenious  application  of  the  dynamo  is  shown  at  Figs. 
16  and  17.  The  electric  generator  is  built  in  such  a  manner  that 
it  forms  an  integral  part  of  the  power  plant.  The  magneto  field 
is  produced  by  a  series  of  revolving  magnets  which  are  joined  to 
and  turn  with  the  fly  wheel  of  the  motor.  The  armature  coils  are 
carried  by  a  fixed  plate  which  is  attached  to  the  engine  base.  This 
apparatus  is  really  a  magneto  having  a  revolving  field  and  a  fixed 
armature,  and  as  the  magnets  are  driven  from  the  fly  wheel  there 
is  no  driving  connection  to  get  out  of  order  and  cause  trouble. 


rig.  17. — The  Ford  Magneto  Is  Integral  wltb  Engine  Base  and  BevolyiDS 
Uagnets  are  Attaclied  to  FlTwUeel  Pemiitttng  Direct  Drive  from 
Cranksbaft  wltbont  Oears. 

As  the  coils  in  which  the  current  is  generated  are  stationary,  no 
commutator  or  brushes  are  needed  to  collect  the  current  because 
the  electricity  may  be  easily  taien  from  the  fixed  coils  by  direct 
connection.  It  has  been  advanced  that  this  form  of  magneto  is 
not  as  efficient  as  the  conventional  patterns,  because  more  metal 
and  wire  are  needed  to  produce  the  current  required.  As  the 
magnets  which  form  the  heavier  portion  of  the  apparatus  are 
joined  to  the  fly  wheel,  which  can  be  correspondingly  lighter,  this 
disadvantage  is  not  one  that  can  be  considered  seriously  because 
the  magnet  weight  is  added  to  that  of  the  motor  fly  wheel,  the 
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combined  weight  of  the  two  being  that  of  an  ordinary  balance 
member  used  on  any  other  engine  of  equal  power. 

Methods  of  Winding  Dynamos. — The  reader  not  versed  in  elec- 
trical science  is  apt  to  be  puzzled  by  the  designation  of  the  various 
windings  used  on  dynamos  and  motors.  The  armature  windings 
and  field  coils  may  be  connected  together  in  a  number  of  ways,  as 
outlined  at  Fig.  18.  The  simple  machine  shown  at  A  uses  a  per- 
manent magnet  to  produce  the  field  and  therefore  has  only  one  set 
of  windings  to  be  considered,  i.  e.,  those  on  the  armature.  When 
the  field  magnet  is  an  electro  magnet  another  set  of  windings  must 
be  considered,  i.  e.,  those  of  the  field  magnet.  When  the  current 
generated  in  the  armature  must  first  pass  through  the  field  wind- 
ings before  it  reaches  the  external  circuit  the  machine  is  said  to  be 
a  series  wound  machine  as  shown  at  B  because  the  armature  and 
field  windings  are  joined  together  in  series.  If  only  a  portion  of 
the  current  generated  by  the  armature  is  directed  to  the  field  mag- 
net windings  the  machine  is  said  to  be  shunt  wound,  as  shown  at 
C  A  compound  wound  dynamo  is  shown  at  D.  In  this  two  sets  of 
field  windings  are  used,  one  connected  in  shunt,  the  other  coils  in 
series.  The  shunt  winding  provides  an  initial  excitation  sufficient 
to  generate  full  voltage  at  no  load.  The  series  coils  provide 
an  excitation  that  increases  as  the  load  increases  and  thereby 
strengthen  the  field  so  as  to  prevent  the  falling  off  in  voltage  that 
would  otherwise  occur.  If  the  series  coils  are  sufficiently  powerful 
to  make  the  voltage  rise  as  the  load  increases  the  machine  is  said 
to  be  over-compounded. 

The  compound  wound  dynamo  is  the  type  used  almost  univer- 
sally for  direct  current  production.  In  stationary  applications, 
compound  wound  motors  are  used  where  the  load  varies  consider- 
ably under  which  conditions  the  extreme  speed  variation  of  series 
motors  would  be  objectionable  and  where  increased  torque  or  turn- 
ing power  would  be  needed  that  shunt  motors  could  not  give.  A 
compound  wound  dynamo  is,  to  a  certain  extent,  self -regulating,  as 
the  two  coils  counteract  each  other  and  bring  about  a  more  regular 
action  for  varying  currents  than  that  of  the  ordinary  shunt  or  series 
wound  dynamo.  The  extent  of  the  regulation  possible  depends 
upon  the  proportions  of  the  different  windings  though  a  compound 
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Fig.  18. — ^Diagram  Showing  Methods  of  Winding  Dynamo.  A — Simple 
Magneto  Qeneiator.  B — Series  Wonnd  Machine.  O — Shunt  Wonnd 
Machine.    D — Oomponnd  Type. 
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wound  machine  can  be  self -regulating  at  only  one  particular  rota- 
tive speed.  In  a  series  wound  dynamo  short  circuiting  or  lowering 
the  resistance  of  the  external  circuit  strengthens  the  field,  thereby 
increasing  the  electro-motive  force  and  the  current  strength.  Some 
cut  out  means  are  usually  provided  to  break  the  external  circuit 
or  to  interpose  added  resistance  to  keep  the  current  strength  rela- 
tively constant  and  prevent  injury  to  the  windings  by  heating  of 
the  wire  and  melting  of  the  insulation.  In  a  shunt  wound  dynamo 
the  lowering  of  resistance  on  the  outer  circuit  takes  current  from 
the  field  and  lowers  the  electro  motive  force  of  the  machine.  Short 
circuiting  has  no  heating  effects.  A  compound  wound  machine 
combines,  to  a  certain  degree,  the  features  of  both  the  shunt  and 
series  wound  dynamo.  In  a  dynamo  where  the  armature  windings 
are  grouped  in  coils  which  have  independent  terminals  and  which 
are  not  connected  in  series,  the  construction  is  termed  '  *  open  coil. ' ' 
The  terminals  are  attached  to  separate  divisions  of  the  commutator 
and  are  so  spaced  that  the  collecting  brushes  touch  each  pair  be- 
longing to  the  same  coil  simultaneously.  The  brushes  therefore 
take  current  from  only  one  coil  at  a  time.  In  a  closed  coil  dynamo, 
the  armature  windings  are  connected  in  series  and  current  is  de- 
livered from  all  coils. 

Electrical  Terms  Defined. — In  referring  to  any  force  it  is  nec- 
essary to  have  some  units  by  which  its  capacity  may  be  judged. 
For  instance,  in  comparing  bodies  of  different  size  we  can  use  units 
which  will  show  the  difference  of  mass  or  dimensions,  such  as 
pounds  or  feet,  or  the  fractions  and  multiples  thereof.  To  gauge 
the  ability  of  the  electric  force  there  are  several  practical  units 
with  which  all  motorists  should  be  familiar.  They  are  the  volt, 
watt,  ohm  and  ampere. 

The  VOLT  is  the  practical  unit  of  electro-motive  force,  pres- 
sure, or  difference  of  potential  or  condition,  existing  between  differ- 
ent parts  of  the  circuit.  Eef erring  again  to  the  reservoirs  of 
water,  we  would  find  a  foot  height  of  liquid  a  very  convenient  ex- 
pression to  use  as  a  difference  of  height  or  head  of  water,  and  such 
is  in  constant  use  by  all  engineers.  This  is  a  precise  analogy  to  the 
volt  which  is  the  unit  that  measures  the  tendency  of  an  electric 
charge  to  escape  to  the  opposite  level,  tlvis  being  the  actuating  force 
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of  currents.  The  volt  is  the  cause  of  the  current,  not  a  part  of  it. 
It  is  the  difference  in  voltage  which  causes  a  current  to  flow  from 
one  object  to  another.  The  expression  100  or  any  other  number 
of  volts  current  has  no  foundation ;  the  expression  should  be,  100- 


volt  circuit.  The  familiar  dry  cell  maintains  a  difference  of  about 
one  and  one-quarter  volts  between  the  surfaces  of  the  elements  ol 
■which  it  is  composed. 

The  OHM  is  the  unit  by  which  resistance  is  judged.     Every- 
thing has  electrical  resistance.     Some  elements  have  very  little, 
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such  as  a  short  length  of  a  good  conductor;  others  have  so  much 
as  to  form  a  most  effectual  barrier  to  the  passage  of  the  current, 
these  being  commonly  known  as  insulators.  As  an  example,  con- 
sider  a  man  lifting  weights.  The  heavier  the  weight,  the  harder 
he  must  work  to  lift  it.  A  little  body  weighing  a  few  ounces  offers 
so  little  resistance  that  it  can  be  raised  from  the  ground  with  a 
negligible  amount  of  work.    At  the  other  hand  it  may  have  a  mass 


Feed  Wires 


Feed  Wlrea 


Starting  Rheottat 


L 


Field  Winding- 


1 


Fig.  20. — ^Diagram  Showing  Electric  Motor  Windings.    At  Left — Series 

Wound.    At  Bight — Shunt  Wound. 


of  several  tons,  in  which  case  enough  resistance  would  be  offered  to 
make  it  immovable  against  the  efforts  of  one  man,  though  a  num- 
ber of  men  might  easily  move  it  without  mechanical  aid. 

A  substance  that  would  offer  considerable  resistance  to  a  current 
of  low-tension  or  voltage  would  be  easily  overcome  by  a  current 
having  greater  electro-motive  force.  For  instance,  it  is  impossible 
to  pass  the  current  obtained,  from  several  cells  of  dry  battery- 
through  the  air  gap  between  the  points  of  a  plug,  as  the  current 


Units  of  Electrical  Measurements  59 

pressure,  only  a  few  volts,  is  not  suflSeient  to  overcome  the  re- 
sistance offered  by  the  air  between  the  electrodes.  At  the  other 
hand,  pass  this  same  battery  current  through  a  transformer,  such 
as  an  induction  coil,  and  it  produces  another  current  of  greater 
potential  and  at  high  enough  voltage  to  overcome  the  resistance  of 
the  air  gap.  As  an  example  a  column  of  mercury  one  square  milli- 
meter in  cross  section  and  1.0624  meters  long  has  the  resistance  o£ 
one  ohm. 

The  unit  of  current  strength  or  intensity  is  the  AMPERE. 
Take  a  conductor  of  one  ohm  resistance,  maintain  a  difference  of 
potential  of  one  volt  between  the  ends,  and  in  one  second  a  quan- 
tity of  current  equal  to  one  ampere  would  have  passed  through  it. 
A  greater  voltage  will  maintain  a  greater  current  flow  through  the 
same  resistance,  or  a  greater  resistance  will  reduce  the  current  in 
exact  proportion.  For  example,  two  volts  would  pass  two  amperes 
through  one  ohm  resistance  but  would  only  pass  one  ampere  through 
two  ohms  resistance.  The  ampere  is  really  a  unit  denoting  the  rate 
of  flow,  and  is  exactly  analogous  to  a  well-known  unit  used  in 
hydraulics,  known  as  the  ** miner's  inch.''  This  denotes  the  rate 
of  flow  of  water  which,  under  a  head  of  six  inches,  will  pass  through 
a  hole  one  inch  square  in  a  board  two  inches  thick.  Let  this  head 
of  water  represent  one  volt,  and  let  the  resistance  of  the  hole  repre- 
sent one  ohm,  then  the  '* miner's  inch"  would  represent  a  current 
of  an  ampere. 

A  WATT  is  a  unit  of  quantity,  or  amount  of  electric  energy, 
and  corresponds  to  a  current  of  one  ampere  at  a  pressure  of  one 
volt.  There  are  other  terms  in  which  a  unit  of  time  is  compounded 
with  the  foregoing,  such  as  ampere-hour,  which  means  that  a  gen- 
erator of  certain  capacity  could  maintain  a  current  of  one  ampere 
for  one  hour.  It  is  a  term  usually  applied  to  determine  the  ca- 
pacity of  a  chemical  producer.  For  instance,  a  storage  battery  with 
60  ampere-hours  capacity  should  supply,  theoretically,  a  current 
of  one  ampere  for  60  hours,  two  amperes  for  30  hours  or  60  am- 
peres for  one  hour,  or  any  other  combination  of  time  and  amperes 
which  would  produce  the  same  result.  Electrical  rate  of  work  is 
measured  by  a  unit  involving  potential  difference,  quantity  of 
electricity  and  time.    Thus  a  watt  is  a  volt-ampere-second,  and  746 
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watts  indicate  an  amount  of  electrical  energy  equal  to  one  me- 
chanical horsepower. 

Electrical  Measuring  Instruments. — As  the  electric  force  is 
intangible  and  is  known  only  by  its  effects,  it  is  necessary  to  have 
methods  of  measuring  the  amount  employed  to  properly  use  the 
current.  If  the  current  was  too  strong  injurious  results  might  fol- 
low and  if  not  strong  enough  satisfactory  results  could  not  be  se- 
cured. The  electric  force  can  be  measured  by  relatively  simple 
devices.  Most  of  the  electrical  measuring  instruments  depend  upon 
the  principle  of  electro-magnetism  or  induction  and  may  be  classi- 
fied as  moving  iron,  moving  coil,  solenoid  and  plunger,  magnetic 
vane,  hot  wire,  inclined  coil,  etc.  The  four  first  named  are  the  most 
commonly  used  in  measuring  the  current  employed  in  starting  and 
lighting  systems.  These  measuring  instruments  are  made  in  port- 
able and  switchboard  types.  The  windings  in  an  instrument  de- 
signed to  measure  current  quantity  or  amperage  is  usually  of  coarse 
wires,  while  the  windings  of  an  instrument  to  measure  electro  mo- 
tive force  or  voltage  will  be  of  finer  wire.  The  gauge  used  to 
measure  current  quantity  is  called  an  ampere  meter  or  ammeter 
while  that  used  to  measure  current  pressure  is  a  volt  meter. 

The  various  forms  of  electrical  measuring  instruments  and  the 
method  of  operation  may  be  readily  understood  by  referring  to 
the  illustrations  at  Fig.  21.  The  instrument  shown  at  A  is  known 
as  a  moving  iron  type.  In  this  a  permanent  magnet  holds  a  soft 
iron  indicator  to  which  the  pointer  needle  is  attached  so  that  it 
registers  with  zero  on  the  scale  until  a  current  passes  through  the 
coil  and  the  magnetic  lines  of  force  thus  produced  tend  to  pull  the 
needle  in  line  with  them  and  thereby  actuate  the  pointer.  The 
movement  of  the  soft  iron  indicator  depends  entirely  upon  the 
amount  of  current  passing  through  the  coil.  The  moving  coil  pipe 
which  is  shown  at  B  is  the  most  popular  form,  as  it  gives  the  most 
reliable  indication.  The  parts  of  a  complete  instrument  of  this 
form  are  clearly  outlined  at  Fig.  22.  This  consists  of  a  permanent 
magnet  carrying  a  fixed  pole  piece  about  which  a  small  solenoid 
capable  of  oscillating  back  and  forth  on  jeweled  bearings  is 
mounted.  On  the  cheap  instruments  ordinary  pivot  bearings  are 
used  instead  of  the  jewels.    A  hand  or  pointer  is  pivoted  at  the 
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bearing  and  moves  with  the  coil  to  indicate  the  variations  of  cur- 
rent strength  on  a  graduated  scale  with  which  the  pointer  registers. 
A  steel  h^ir  spring  attached  to  the  coil  acts  to  restrain  and  control 
its  movements  and  to  return  the  pointer  to  zero  when  the  current 
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ceases  to  flow  through  the  solenoid.  The  function  of  the  magnetic 
fleld  is  to  keep  the  solenoid  steady,  though  as  soon  as  an  electric 
current  passes  through  its  equilibrium  is  upset  and  the  degree  of 
movement  is  proportional  to  the  amount  or  pressure  of  the  current 
passing  through  it.  Many  small  instruments  which  are  accurate 
and  inexpeusive  have  been  devised  for  testing  current  strength. 
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Fig.  22. — Diagram  Showing  OonBtractlon  of  Moving  Oofl  Type  Voltmeter. 

For  convenience  the  mechanism  has  been  enclosed  in  standard  watch 
movement  cases  in  many  instances. 

The  plunger  type  of  indicator  which  is  shown  at  C  and  D  oper- 
ates on  the  principle  of  attraction  that  a  solenoid  exerts  upon  ma- 
terials susceptible  to  its  influence.  A  curved  plunger  is  used  in 
that  type  usually  intended  for  switch-board  use.  When  a  current 
is  passed  through  the  solenoid,  the  plunger  is  drawn  into  the  in- 
terior of  the  coil,  the  amount  of  movement  depending  upon  the 
current  strength.     This   is   indicated  by   a  calibrated  scale   and 
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pointer.  The  small  battery  tester  which  is  very  simple  in  construc- 
tion works  on  exactly  the  same  principle,  except  that  the  vertical 
plunger  which  is  drawn  into  the  solenoid  has  the  scale  indicated 
upon  it.  The  solenoid  is  kept  pressed  out  against  a  stop  by 
spring  pressure  which  is  overcome  as  soon  as  the  current  passes 
through  the  winding.  The  plunger  type  is  not  reliable  for  very 
small  readings  and  is  readily  affected  by  any  magnetic  field  in 
the  vicinity. 

The  instrument  shown  at  E  is  a  magnetic  vane  type.  '  In  this 
a  vane  of  soft  iron  is 
supported  eccentrically 
or  off  center  and  when 
a  current  passes  through 
the  surrounding  coil  the 
vane  is  attracted  toward 
the  position  where  it 
vrill  conduct  the  greatest- 
number  of  lines  of  force, 
this  movement  actuates 
the  pointer  attached  to 
the  vane  support  and  a 
hair  spring  is  used  a?  in 
other  instruments  to  re- 
turn the  pointer  to  zero 
when   the   current  flow 

ceases  and  also  to  steady  rig,  23.-Typlcal  Dash  Type  AiDp«r«m«ter 
the  action  of  the  instru-  xJaed  with  Modem  Lighting  SyBtom. 

ment.  The  small  am- 
peremeters are  used  only  for  testing  dry  cells,  as  the  scale  reads 
only  to  30  amperes.  This  form  of  instrument  is  also  used  as  an 
indicator  to  show  the  rate  of  charge  of  a  storage  battery  by  the 
generator  or  current  consumption  of  the  lamps  of  the  lighting 
system.  The  ordinary  form  of  ammeter  should  never  be  used 
for  testing  storage  cells  and  a  voltmeter  is  necessary  for  this  pur- 
pose. Sometimes  an  amperemeter  is  so  constructed  with  an  in- 
ternal resistance  that  can  be  put  in  series  with  the  solenoid  coil 
that  it  will  read  voltage  on  another  scale.     An  instrument  that 
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will  indicate  30  amperes  and  register  up  to  eight  volts  has  a  range 
that  is  ample  for  all  practical  purposes.  Some  very  low  reading 
ammeters  were  formerly  sold  extensively  as  coil  current  consump- 
tion indicators,  but  with  the  passing  of  the  vibrator  coil  ignition 
system  they  are  no  longer  used  to  any  extent. 


CHAPTER  II 

BATTERY   AND    COIL   IGNITION   METHODS 

How  Compressed  Gas  May  Be  Ignited — ^Methods  of  Electric  Ignition — Parts 
of  Simple  Ignition  System — Induction  Coil  Action — ^Timers  and  Distrib- 
utors— Spark  Plugs — ^Individual  Coil  System — ^Vibrator-Distributor  Sys- 
tems— ^Master  Vibrator  Systems — Non- Vibrator  Distributor  System — Low 
Tension  Ignition — Double  and  Triple  Ignition  Systems — ^Battery  Ignition 
System  Troubles — Charging  Storage  Batteries — Care  and  Repair  of  Spark 
Plug  Faults — Induction  Coil — Timers — Wiring  Troubles  and  Electro-static 
Effects — ^Timing  Battery  Ignition  System. 

How  Compressed  Gas  May  Be  Ignited. — One  of  the  most  im- 
portant auxiliary  groups  of  the  gasoline  engine  comprising  the 
automobile  power  plant  and  one  absolutely  necessary  to  insure  en- 
gine action  is  the  ignition  system  or  the  method  employed  of  kin- 
dling the  compressed  gas  in  the  cylinder  to  produce  an  explosion 
h.nd  useful  power.  The  ignition  system  has  been  fully  as  well  de- 
veloped as  other  parts  of  the  automobile,  and  at  the  present  time 
practically  all  ignition  systems  follow  principles  which  have  become 
standard  through  wide  acceptance. 

During  the  early  stages  of  development  of  the  automobile  vari- 
ous methods  of  exploding  the  charge  of  combustible  gas  in  the 
cylinder  .were  employed.  On  some  of  the  earliest  engines  a  flame 
burned  close  to  the  cylinder  head  and  at  the  proper  time  for  igni- 
tion, a  slide  or  valve  moved  to  provide  an  opening  which  permitted 
the  flame  to  ignite  the  gas  back  of  the  piston.  This  system  was 
practical  only  in  the  primitive  form  of  gas  engines  in  which  the 
charge  was  not  compressed  before  ignition.  Later,  when  it  was 
found  desirable  to  compress  the  gas  a  certain  degree  before  ex- 
ploding it,  an  incandescent  platinum  tube  in  the  combustion  cham- 
ber, which  was  kept  in  a  heated  condition  by  a  flame  burning  in  it, 
exploded  the  gas.    The  naked  flame  was  not  suitable  in  this  appli- 
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cation  because  when  the  slide  was  opened  to  provide  communica- 
tion between  the  flame  and  the  gas  the  compressed  charge  escaped 
from  the  cylinder  with  enough  pressure  to  blow  out  the  flame  at 
times  and  thus  cause  irregular  ignition.  When  the  flame  was 
housed  in  a  platinum  tube  it  was  protected  from  the  direct  action 
of  the  gas,  and  as  long  as  the  tube  was  maintained  at  the  proper 
point  of  incandescence  regular  ignition  was  obtained. 

Some  engineers  utilized  the  property  of  gases  firing  themselves 
if  compressed  to  a  sufficient  degree,  while  others  depended  upon 
the  heat  stored  in  the  cylinder  head  to  fire  the  highly  compressed 
gas.  None  of  these  methods  were  practical  in  their  apjplication  to 
motor  car  engines  because  they  did  not  permit  flexible  engine  action 
which  is  so  desirable.  At  the  present  time,  electrical  ignition  sys- 
tems in  which  the  compressed  gas  is  exploded  by  the  heating  value 
of  the  minute  electric  arc  or  spark  in  the  cylinder  are  standard, 
and  the  general  practice  seems  to  be  toward  the  use  of  mechanical 
producers  of  electricity  rather  than  chemical  batteries  used  alone. 

Methods  of  Electrical  Ignition. — Two  general  forms  of  electri- 
cal ignition  systems  may  be  used,  the  most  popular  being  that  in 
which  a  current  of  electricity  under  high  tension  is  made  to  leap 
a  gap  or  air  space  between  the  points  of  the  sparking  plug  screwed 
into  the  cylinder.  The  other  form,  which  has  been  almost  entirely 
abandoned  in  automobile  practice,  but  which  is  still  used  to  some 
extent  on  marine  engines,  is  called  the  low-tension  system  because 
current  of  low  voltage  is  used  and  the  spark  is  produced  by  moving 
electrodes  in  the  combustion  chamber. 

The  essential  elements  of  any  electrical  ignition  system,  either 
high  or  low  tension,  are :  First,  a  simple  and  practical  method  of 
current  production ;  second,  suitable  timing  apparatus  to  cause  the 
spark  to  occur  at  the  right  point  in  the  cycle  of  engine  action; 
third,  suitable  wiring  and  other  apparatus  to  convey  the  current 
produced  by  the  generator  to  the  sparking  member  in  the  cylinder. 

The  various  appliances  necessary  to  secure  prompt  ignition  of 
the  compressed  gases  should  be  described  in  some  detail  because 
of  the  importance  of  the  ignition  system.  It  is  patent  that  the 
scope  of  a  wor'k  of  this  character  does  not  permit  one  to  go  fully 
into  the  theory  and  principles  of  operation  of  all  appliances  which 
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Tig.  25. — Simple  Battery  IgnltlOD  System  for  ODe-Oyllnder  Motor  Show- 
ing Important  Components  and  Tbelc  Belation  to  Eacb  Otber. 

may  be  used  in  connection  with  gasoline  motor  ignition,  but  at  the 
same  time  it  is  important  that  the  elementary  principles  be  con- 
sidered to  some  extent  in  order  that  the  reader  should  have  a  proper 
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understanding  of  the  very  essential  ignition  apparatus.  The  first 
point  considered  has  been  the  common  methods  of  generating  the 
electricity,  then  the  appliances  to  utilize  it  and  produce  the  re- 
quired spark  in  the  cylinder. 

Essential  Elements  of  Simple  Ignition  System. — The  current 
obtained  from  the  dry  or  storage  battery  or  low-tension  dynamo  or 
magneto  is  not  sufficiently  powerful  to  leap  the  gap  which  exists  be- 
tween the  points  of  the  spark  plug  in  the  cylinder  unless  it  is  trans- 
formed to  a  current  having  a  higher  potential.  The  air  gap  between 
the  points  of  the  spark  plug  has  a  resistance  which  requires  several 
thousand  volts  pressure  to  overcome,  and  as  a  battery  will  only 
deliver  six  to  eight  volts,  it  will  be  evident  that,  unless  the  current 
value  is  increased,  it  could  not  produce  a  spark  between  the  plug 
electrodes. 

The  low  voltage  current  is  transformed  to  one  of  higher  poten- 
tial  by  means  of  a  device  known  as  the  induction  coil.  The  current 
from  the  battery  is  passed  through  the  primary  coil,  which  is  com- 
posed of  several  layers  of  coarse  wire  wound  around  a  core  of  soft 
iron  wire  to  form  an  electro-magnet  as  shown  at  Fig.  25.  Sur- 
rounding this  primary  coil  is  one  composed  of  a  large  number  of 
turns  of  finer  conductor.  When  a  current  of  electricity  of  low 
voltage  passes  through  the  primary  coil,  a  current  of  very  high 
electro-motive  force  is  produced  in  the  secondary  winding.  One 
end  of  each  coil  is  grounded.  The  free  end  of  the  primary  coil  is 
coupled  to  the  battery  while  that  of  the  secondary  coil  is  attached 
to  the  insulated  terminal  of  the  spark  plug. 

The  arrangement  of  wiring  at  Pig.  25  is  that  employed  in  a 
typical  transformer  coil  which  is  used  to  increase  the  voltage  of  the 
current  sufficiently  to  cause  it  to  overcome  the  resistance  of  the  air 
gap  at  the  spark  plug  and  produce  a  spark  which  will  ignite  the 
gas.  In  the  primary  circuit  are  included  a  suitable  timer  for  clos- 
ing the  circuit,  a  battery  of  chemical  cells  ta  supply  the  energizing 
current,  and  a  vibrator  or  make-and-break  mechanism  on  the  coil. 
The  secondary  circuit  includes  the  spark  plug  and  the  secondary 
winding  of  the  coil. 

When  the  primary  circuit  is  closed  by  the  cam  of  the  timer 
making  contact  with  the  segment,  the  current  from  the  battery  flows 
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through  the  primary  coil  of  the  transformer.  This  magnetizes  the 
core  which  draws  down  the  trembler  blade,  this  in  turn  separating 
the  platinum  contact  point  of  the  vibrator  and  interrupting  the 
current.  As  soon  as  the  current  is  interrupted  at  the  vibrator  the 
core  ceases  to  be  a  magnet  and  the  trembler  blade  flies  back  and 
once  again  closes  the  circuit  between  the  platinum  points.  Every 
time  the  circuit  is  made  and  broken  at  the  vibrator  an  electrical  im-. 
pulse  is  induced  in  the  secondary  winding  of  the  coiL 

The  vibrator  may  be  adjusted  so  that  it  will  make  and  break 
the  circuit  many  times  a  minute  and  as  a  current  of  high  potential 
is  produced  in  the  secondary  winding  with  each  impulse,  a  small 
spark  will  be  produced  between  the  points  of  the  spark  plug.  The 
condenser  is  a  device  composed  of  layers  of  tin  foil  separated  from 
each  other  by  waxed  or  varnished  paper  insulation.  It  is  utilized 
to  absorb  some  of  the  excess  current  produced  between  the  vibrator 
points,  which  causes  sparking.  This  extra  current  is  induced  by 
the  action  of  the  primary  coils  of  wire  upon  each  other  and  by  a 
reversed  induction  influence  from  the  secondary  coil. 

If  this  current  is  not  taken  care  of,  it  will  impede  the  passage 
of  the  primary  current  and  the  sparks  are  apt  to  burn  or  pit  the 
platinum  contact  points  of  the  vibrator.  When  a  condenser  is  pro- 
vided the  extra  primary  current  is  absorbed  by  the  sheets  of  tin  foil 
which  become  charged  with  electricity.  When  contact  is  made  again 
the  condenser  discharges  the  current  in  the  same  direction  as  that 
flowing  through  the  primary  coil  from  the  battery  and  the  value 
of  the  latter  is  increased  proportionately.  There  is  less  sparking  be- 
tween the  vibrator  points  and  a  stronger  current  is  induced  in  the 
secondary  coil  which  in  turn  produces  a  more  intense  spark  be- 
tween the  points  of  the  spark  plug. 

A  typical  induction  coil  such  as  would  be  used  for  firing  a  one- 
cylinder  engine  if  used  with  a  simple  timer,  or  a  multiple-cylinder 
engine  if  used  in  connection  with  a  combined  timer  and  distributor, 
is  depicted  in  part  section  at  Fig.  26.  It  will  be  observed  that  three 
terminal  screws  are  provided  on  the  box,  one  designed  to  be  attached 
to  the  battery,  the  other  two  to  the  spark  plug  and  ground,  respec- 
tively. The  terminal  to  which  the  battery  wire  is  attached  is 
coupled  to  the  bridge  member  which  carries  the  contact  screw  while 
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the  vibrator  blade  is  connected  with  one  of  the  ends  of  the  primary 
eoiL  The  other  end  of  the  primary  coil  goes  to  the  terminal  which 
is  joined  to  the  ground.  The  condenser  is  shunted  in  between  the 
vibrator  points,  i,  e,,  one  of  the  leads  is  attached  to  terminal  No.  1 
while  the  other  is  soldered  to  the  end  of  the  primary  coil  which 
goes  on  the  vibrator  spring  member.  One  end  of  the  secondary 
coil  is  attached  to  terminal  No.  2,  which  is  grounded  on  some  metal 


Fig.  26. — Fait  Sectional  View  of  Simple  Induction  Coll,  an  Important 
Component  of  All  Batter?  Ignition  Qioups  and  Sometimes  Used  with 
Magnetos, 

part  of  the  chassis  frame,  while  the  other  end  is  secured  to  terminal 
No,  3,  which  is  joined  to  the  spark  plug  electrode.  After  the  vari- 
ous compODents  of  the  induction  coil  are  assembled  in  the  box  and 
the  connections  made  as  indicated,  the  spaces  between  the  sides  of 
the  box  and  the  coil  member  are  filled  with  an  insulating  compound 
composed  of  bees-wax,  pitch  and  rosin.  This  holds  everything 
rigidly  in  place  and  prevents  the  wire  joints  loosening  through 
vibration.  The  external  appearance  of  a  one-cylinder  box  coil  of 
the  vibrator  type  is  shown  at  Pig.  27, 

The  method  of  connecting  the  members  of  an  induction  coil, 
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shown  at  Fig.  26,  is  a  conventional  one,  though  the  connections  will 
differ  with  the  nature  of  the  circuit  of  which  the  coil  forms  a  part 
and  the  number  of  units  comprising  the  coil  assembly.  When  such 
devices  are  employed  for  igniting  multiple-cylinder  motors,  the  in- 
ternal wiring  is  very  much  the  same  as  though  the  same  number  of 

box  coils  for  single-cyl- 
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inder  ignition  were  com- 
bined together  by  out- 
side conductors.  The 
number  of  terminals 
provided  will  vary  with 
the  number  of  units. 

Various  forms  of  in- 
duction coils  are  de- 
picted at  Fig.  28.  That 
at  A  is  a  simple  unit 
form  in  which  the  coil 
is  attached  directly  to 
thQ  spark  plug,  which  in 
turn  is  screwed  into  the 
cylinder.  On  this  coil 
but  two  primary  termi- 
nals are  attached,  one 
being  connected  to  the 
insulated  contact  point 
on  the  timer,  the  other 
being  grounded,  or  at- 
tached to  the  battery. 
Coils  of  this  type  have  been  very  popular  in  marine  application 
because  of  the  simple  and  direct  wiring  possible,  but  they  have 
not  been  used  in  connection  with  automobile  engine  ignition  to 
any  extent.  The  form  shown  at  B  is  a  simple  dash  coil  for  one- 
cylinder  use  which  has  three  terminals,  one  being  used  for  a 
secondary  lead  to  the  spark  plug,  the  other  two  being  joined  to 
the  battery  and  ground  respectively,  as  shown  at  Fig.  26. 

The  form  of  coil  shown  at  C  is  a  two-unit  member  designed  for 
double-cylinder  ignition.    As  the  switch  is  mounted  on  the  coil  box 


Fig.  27. — ^Three  Terminal  Box  Coil  for  Single 
Cylinder  Engine  Ignition. 


Induction  Coil  Forma 


Fig.  28. — OoDTentional  Induction  Coll  Fonns.  A — Coll  Unit  and  Flog 
Ooml>lned.  B — Simple  Dash  Coll  for  One  O^^lnder  Ignition.  C^- 
Two  tTnlt  Coll  for  Two  C^lnder  Motor.  D— Foux  Unit  Coil  for 
Foni  OJUnder  Service. 
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to  use  two  sets  of  batteries,  six  terminals  are  provided  on  the  bottom 
of  the  coil  ease.  Two  of  these  are  attached  directly  to  the  insulated 
contact  point  of  the  timer ;  two  others  which  are  enclosed  in  hard 
rubber  insulating  caps  are  attached  to  the  spark  plugs.  The  two 
immediately  under  the  switch  are  attached  to  the  free  terminals 
of  the  battery,  two  sets  being  provided,  one  being  coupled  to  each 
side  of  the  switch. 

With  a  four-unit  coil,  as  shown  at  D,  ten  terminals  are  provided 
because  of  the  attached  switch.  Four  go  to  the  spark  plugs,  four  to 
the  insulated  segments  of  the  timer  and  two  to  the  battery,  or  bat- 
tery and  magneto  or  dynamo,  as  the  case  may  be.  In  modern  coils 
the  units  may  be  removed  from  the  box  without  disturbing  any 
internal  connection,  and  a  new  one  slipped  in  its  place  if  it  does 
not  function  properly.  Special  care  is  taken  in  insulating  the  high- 
tension  terminal  by  means  of  rubber  caps  which  surround  the  wire, 
and  care  is  taken  to  have  the  vibrator  contact  points  readily  acces- 
sible for  inspection,  cleaning,  or  adjustment. 

Action  of  High  Tension  Coil  Ignition  System. — Another  ex- 
planation of  the  action  of  the  conventional  induction  coil  and  bat- 
tery system  may  enable  the  reader  to  obtain  a  clearer  understanding 
of  the  action  of  the  transformer  coil  system  of  intensifying  cur- 
rent and  can  be  read  to  advantage  to  supplement  the  explanation 
previously  given.  Another  diagram.  Fig.  29,  shows  a  four  terminal 
coil  unit  instead  of  the  three  terminal  coil  diagram  outlined  at 
Fig.  25,  and  differs  in  that  the  primary  and  secondary  circuits 
have  separate  ground  connections  instead  of  having  a  common  ter- 
minal on  the  coil.  As  the  internal  construction  of  the  induction 
€oil  has  been  previously  described,  it  will  be  merely  necessary  to 
review  the  action  of  the  complete  ignition  system  outlined. 

In  the  diagram  shown  the  action  is  as  follows :  When  the  switch 
E  is  closed  and  the  rotor  (f )  of  the  spark-timing  device  D  comes  in 
contact  with  the  terminal  (g),  the  current  flows  from  the  positive 
terminal  (m)  of  the  battery  to  the  switch  E.  From  thence  to  the 
primary  terminal  (h)  on  the  coil;  and  through  the  vibrator  spring 
(e)  across  the  points  (o)  which  are  in  contact,  to  the  adjusting 
screw  (i)  and  into  the  bridge  which  supports  the  adjusting  screw. 
The  primary  winding  (b)   is  attached  to  this  bridge  at   (j)   and 
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the  current  flows  through  it  to  the  terminal  (k),  from  which  ter- 
minal it  is  carried  to  the  point  (g)  on  the  commutator  and  into 
the  rotor  (f).  A  metal  brush  takes  up  the  current  at  this  point 
and  it  is  carried  to  the  negative  terminal  (n)  of  the  battery,  pass- 
ing through  the  battery  it  reaches  the  point  (m)  from  which  it 
started.     The  current  will  not  flow  unless  the  circuit  is  complete, 
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Tig.  29. — ^Typical  Simple  B&tteey  Ignitioii  Oroup  for  On»  Cylinder  Motor 
Using  Four  Tenninal  IndncUon  ColL 

and  it  cannot  be  complete  unless  the  rotor  (f)  touches  the  ter- 
minal (g).  This  rotor  is  so  set  on  the  engine  and  so  timed  in 
relation  to  the  movement  of  the  piston  that  it  will  complete  the  cir- 
cuit only  at  the  time  the  spark  is  desired  in  the  cylinder.  When 
the  current  flows  through  the  primary  winding  it  makes  a  magnet 
of  the  core  and  enables  it  to  attract  the  armature,  as  a  magnet  will 
attract  pieces  of  iron  or  steel,  and  the  armature  is  made  of  mag- 
netic material. 
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The  vibrator  is  composed  of  a  piece  of  spring  steel  with  a  small 
iron  button  riveted  to  the  end  of  it.  "When  the  circuit  is  complete 
and  the  core  is  magnetized  it  attracts  the  iron  button  and  breaks 
the  contact  of  the  points  at  (o),  thus  interrupting  or  opening  the 
circuit  and  preventing  further  flow  of  the  current.  The  core  then 
loses  its  magnetism  and  the  vibrator  spring  pulls  the  button  back 
and  again  brings  the  points  in  contact  to  again  complete  the  cir- 
cuit. This  occurs  about  one  hundred  times  per  second  and  the 
rapid  vibration  produces  a  pronounced  buzzing  sound  at  the  vi- 
brator. 

When  the  points  (o)  are  in  contact  and  the  core  is  magnetized 
a  very  strong  magnetic  field  flows  across  the  wire  of  the  secondary 
winding  (c).  When  the  field  becomes  strong  enough  to  attract  the 
vibrator  button  the  circuit  is  broken  and  the  current  stops  flowing. 
As  soon  as  the  current  ceases  to  flow  and  the  magnetic  field  or 
force  becomes  reduced  in  intensity,  a  strong  or  high  voltage  cur- 
rent is  produced  in  the  secondary  winding.  This  current  flows  to 
the  spark  plug  F  from  the  secondary  terminal  of  the  coil  (s)  and  it 
has  sufficient  power  to  jump  the  air  gap  at  (p),  causing  a  spark. 
The  spark  plug  construction  is  such  that  after  jumping  the  air  gap 
the  secondary  current  will  flow  back  to  the  engine  and  from  the 
ground  terminal  (1)  to  the  terminal  (t)  and  then  back  through  the 
secondary  winding  to  the  terminal  (s)  from  which  it  started. 

The  magnetic  field  dying  down  has  thus  produced  an  induced 
current  in  the  secondary  winding,  and  in  addition  it  will  also  set 
up  a  self-induced  current  in  the  primary  winding.  As  the  break 
in  the  primary  circuit  is  made  at  the  vibrator  points,  a  large 
spark  would  occur  there  and  very  soon  bum  them  away.  To 
absorb  the  extra  current  which  causes  this  spark  a  condenser  is 
connected  across  the  points  by  the  wires  (v)  and  (w).  When  the 
circuit  is  opened  at  (o)  the  self -induced  current  of  the  primary 
winding  flows  in  the  same  direction  as  the  original  battery  current. 
As  the  condenser  has  less  resistance  than  the  air  gap  which  this 
current  would  have  to  jump  at  (o)  it  absorbs  the  current,  and 
immediately  that  the  condenser  is  charged,  it  discharges.  The. 
contact  points  (o)  of  the  vibrator  being  separated  at  this  time,  the 
current  from  the  condenser  cannot  pass  through  them  to  get  to 
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its  other  side,  but  must  travel  back  through  the  primary  winding 
in  the  opposite  direction  to  that  in  which  the  battery  current  was 
flowing,  and  thus  demagnetizes  the  core. 

As  the  more  rapid  the  change  is  made  from  a  strong  magnetic 
field  to  a  weak  magnetic  field,  the  higher  the  voltage  will  be ;  this 
will  considerably  raise  the  voltage  of  the  secondary  winding  and 
give  a  much  better  spark  at  the  spark  plug.  The  condenser,  there- 
fore, performs  two  functions,  that  of  absorbing  the  undesirable 
spark  which  without  it  would  occur  at  the  vibrator  points,  and 
of  giving  a  much  better  spark  in  the  spark  plug. 

Timer  and  Distributor  Forms. — Anyone  familiar  with  the  basic 
principles  of  internal  combustion  engine  action  will  recognize  the 
need  of  incorporating  some  device  in  the  ignition  system,  which 
will  insure  that  the  igniting  spark  will  occur  only  in  the  cylinder 
that  is  ready  to  be  fired  and  at  the  right  time  in  the  cycle  of 
operations.  There  is  a  certain  definite  point  at  which  the  spark 
must  take  place,  this  having  been  determined  to  be  at  the  end  of 
the  compression  upstroke,  at  which  time  the  gas  has  been  properly 
compacted  and  the  piston  is  about  to  start  returning  to  the  bottom 
of  the  cylinder  again.  Timers  or  distributors  are  a  form  of  switch 
designed  so  that  hundreds  of  positive  contacts  which  are  necessary 
to  close  and  open  the  circuit  may  be  made  per  minute  without 
failure. 

When  the  device  is  employed  to  open  and  close  a  low-tension 
circuit,  it  is  known  as  a  commutator  or  timer,  and  when  used  in 
connection  with  current  of  high  voltage  they  are  called  secondary 
distributors.  Certain  constructional  details  make  one  form  different 
from  the  other,  and  while  they  perform  the  same  functions  they 
vary  in  design.  Such  distributing  devices  are  always  driven  by 
positive  gearing  from  the  engine  and  are  timed  so  the  sparks  will 
occur  in  the  cylinders  at  just  the  proper  ignition  time.  The  usual 
construction  is  to  use  a  fixed  case  which  carries  one  or  more  con- 
tact members  suitably  disposed  around  its  periphery  and  a  central 
revolving  member  or  cam  which  contacts  with  the  points  on  the 
body  of  the  device  to  close  any  desired  circuit.  On  a  four-cycle 
engine  the  cam  is  revolved  at  one-half  the  engine  speed  and  the 
timer  is  usually  driven  from  the  cam  shaft.    In  two-cycle  engines 
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the  revolving  member  of  the  timer  turns  at  engine  speed,  and 
should  be  driven  directly  from  and  at  the  same  speed  as  the  crank 
shaft. 

Simple  timer  forms  suitable  for  one-cylinder  motors  are  shown 
at  Fig.  30.  The  simplest  one,  depicted  at  A,  consists  of  a  rocking 
member  of  fiber  or  other  insulating  material  which  carries  a  steel 
spring  that  is  normally  out  of  engagement  with  the  surface  of  the 
cam.    When  the  point  of  the  cam  brushes  by  the  contact  spring, 
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Fig.  30. — Simple  Forms  of  Contact  Breakers  or  Timers  Used  on  One 
Cylinder  Engines.     A — ^Wipe  Contact.     B — ^Toncli  Contact. 


any  circuit  in  which  the  device  .is  incorporated  will  be  closed  and 
current  will  flow  from  the  battery  or  dynamo  to  the  transformer 
coils  and  spark  plugs  which  are  depended  on  to  furnish  a  spark 
of  sufficient  intensity  to  insure  ignition  of  the  gas.  It  is  desirable 
that  the  member  which  carries  the  contact  spring  be  capable  of  a 
certain  degree  of  movement,  in  order  that  the  spark  time  may  be 
advanced  or  retarded  to  suit  various  running  conditions.  In  the 
form  shown  if  the  top  of  the  casing  is  pushed  in  the  direction 
of  the  arrow,  the  contact  spring  will  come  in  contact  with  the  point 
of  the  cam  which  is  turning  in  the  direction  indicated  sooner  than 
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it  will  if  the  base  member  is  rocked  in  a  reverse  direction  and  the 
contact  spring  pulled  away  from  the  point  of  the  cam  instead  of 
being  moved  forward  to  meet  it.  The  wipe  contact  form  is  the 
simplest,  but  the  spring  is  liable  to  wear  at  the  point  of  contact 
and  may  break  off  and  cause  trouble.  Such  a  device  is  more 
suitable  for  low-speed  engines  that  it  is  for  those  which  have 
high  crank-shaft  velocity. 

The  single-cylinder  timer  depicted  at  B  is  a  form  that  is  widely 
used  on  high-speed  engines  and  contact  is  made  between  a  pair  of 
platinum  contact  points  which  just  touch  each  other  instead  of 
wiping.  Platinum  is  a  material  that  is  not  affected  by  the  arcing 
or  heat  of  the  spark  as  much  as  steel  or  brass  would  be  and  pro- 
vides a  more  positive  contact.  In  the  wipe  contact  form  the  con- 
tinual brushing  action  of  the  cam  against  the  spring  tends  to  keep 
the  contact  surfaces  clean,  but  this  condition  does  not  obtain  in 
the  simple  touch  contact  of  the  form  shown  at  B.  The  casing 
is  rocked  in  the  direction  of  the  arrow  to  advance  a  spark  in 
either  case.  The  form  shown  at  B  is  more  economical  of  current 
because  the  contact  is  shorter  and  is  more  suitable  for  high-speed 
engines.  While  the  forms  considered  prove  practical  in  their 
application  to  simple  one-  and  two-cylinder  engine  forms,  they  are 
very  heavy  or  clumsy  appliances  when  used  for  four-cylinder  en- 
gines, as  it  is  very  hard  to* assemble  the  spring  elements  so  that 
the  contact  will  take  place  at  the  proper  point  in  all  cylinders. 

When  a  timer  is  to  be  used  in  connection  with  a  four-  or  six- 
cylinder  engine  the  compact  form  shown  at  Fig.  31,  A,  is  usually 
adopted.  This  has  many  desirable  features  and  permits  of  timing 
the  spark  with  great  accuracy.  The  contact  segments  are  spaced 
on  quarters  for  a  four  cyUnder  and  are  imbedded  in  a  ring  of 
fiber  which  is  retained  in  a  casing  of  aluminum.  The  central  re- 
volving element  carries  a  lever  which  has  a  roll  at  one  end  and  a 
tension  spring  designed  to  keep  the  roller  in  contact  with  the 
inner  periphery  of  the  fiber  ring  at  the  other.  The  segments  are 
of  steel  and  are  accurately  machined  and  hardened,  and  as  the 
surface  of  the  roller  is  also  hardened,  this  form  of  timer  is  widely 
used  because  it  provides  a  positive  contact  and  works  smoothly  at 
all  engine  speeds. 
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A  secondary  distributor  which  is  employed  to  distribute  both, 
high  and  low  tension  current  is  shown  at  Fig,  31,  B.  This  consists 
of  a  primary  timing  arrangement  in  the  lower  portion,  and  a 
secondary  current-distributing  segment  at  the  upper  portion.  The 
central  revolving  member  carries  as  many  rolls  as  there  are  cylin- 
ders to  be  fired,  these  being  spaced  at  the  proper  points  in  the 


Fig.  31. — Timers  Employed  on  Four  Cylinder  EngtneB.  A— Four  Contact 
Device  for  Oommutatliig  Frlm&ry  Current.  B — Combined  Timer  and 
DlBtrllnitor,  Directs  Botb  Hlgli  and  Irf>w  Tension  Energy. 

circle  to  insure  correct  timing.  One  primary  contact  member  is 
screwed  into  the  casing,  this  contacting  with  the  rolls  as  they 
revolve.  At  the  upper  portion  of  the  ease  a  number  of  terminals 
are  inserted  from  which  wires  lead  to  plugs  in  the  cylinders. 
"When  a  timer  of  the  form  shown  at  A  is  used,  a  separate  induc- 
tion coil  is  needed  for  each  cylinder  and  the  number  of  units  in 
the  coil  box  and  contact  points  on  the  timer  will  be  the  same  as 
the  number  of  cylinders  to  be  fired.    "When  a  secondary  distributor 
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is  employed  but  one  induction  coil  is  needed  for  all  cylinders,  be- 
cause the  secondary  or  high-tension  current  from  one  unit  is  dis- 
tributed to  the  spark  plugs  at  the  proper  time.  Various  wiring 
diagrams  will  be  presented  to  show  the  methods  of  using  timers 
and  distributors.  It  will  be  noticed  that  the  high-tension  portion 
of  the  distributor  is  well  insulated  from  the  primary  circuit  closing 
member  at  the  lower  end.  This  is  necessary  because  current  of 
high  voltage  is  much  more  difficult  to  handle  than  that  of  lower 
pressure,  and  it  is  more  liable  to  short  circuit. 

The  arrangement  of  the  contact  points  for  various  numbers  of 
cylinders  in  roller  contact  timers  is  shown  at  Tig.  32.  At  A  but 
one  segment  is  provided,  this  obviously  serving  only  one  cylinder. 
The  form  depicted  at  B  is  utilized  with  a  double-cylinder  opposed 
motor  or  a  twin-cylinder  vertical  type  in  which  both  connecting 
rods  act  on  a  common  crank  pin  or  crank  pins  in  the  same  plane. 
As  the  explosions  are  evenly  spaced  and  the  intervals  separating 
the  sparks  are  equal,  the  contact  segments  are  placed  diametrically 
opposite  and  are  separated  by  a  space  of  180  degrees.  If  the  two- 
cylinder  engine  is  a  vertical  form  having  opposed  cranks,  the  ex- 
plosions wiU  not  be  separated  by  equal  intervals,  so  the  segments 
must  be  placed  to  compensate  for  the  difference  which  exists  in  the 
time  interval  separating  the  power  impulses.  Two  contact  seg- 
ments are  imbedded  in  the  insulating  ring,  the  contacts  being 
separated  by  a  space  of  90  degrees  on  one  side  and  270  degrees 
on  the  other.  This  form  of  timer  is  seldom  used  at  the  present 
time  because  the  two-cylinder  engine  of  the  pattern  for  which  it 
is  adapted  has  been  practically  discarded. 

When  three  cylinders  are  used  the  contact  points  are  separated 
by  a  space  of  120  degrees  as  shown  at  D.  In  a  four-cylinder  timer 
the  contact  segments  are  spaced  on  quarters  of  the  circle  and  are 
separated  by  a  space  equal  to  90  degrees.  "With  a  six-cylinder 
motor  six  segments  are  necessary,  these  being  separated  by  a  space 
of  60  degrees,  as  shown  at  F. 

Another  form  of  timer  is  shown  at  Pig.  33.  In  this  the  con- 
tact is  established  between  balls  and  a  contact  roller.  In  order 
to  eliminate  the  wear  that  is  unavoidable  with  plain  bearing  timers 
the  casing  carries  baU  bearings  which  are  used  to  support  the 
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central  hollow  revolving  member.  Some  timers  of  the  form  shown 
at  Fig.  31,  A,  are  fitted  with  a  plain  bearing  which  wears  after 
the  timer  has  been  used  and  which  produces  irregular  ignition 
due  to  a  poor  ground  contact.  Battery  timers  of  the  forms  out- 
lined are  seldom  used  at  the  present  time,  as  they  have  been  suc- 
ceeded by  the  more  efficient  short  contact  types.    A  notable  excep- 


Fig.  32. — Showing  Disposition  of  Contact  Points  on  Timers  for  Differing 
Numbers  of  Cylinders.  A — One  Cylinder  Type.  B — ^Arrangement  of 
Two  Cylinder  Opposed  Motor.  C — Contacts  Separated  by  90  De- 
grees in  One  Direction  and  270  Degrees  in  tbe  Other  when  Used  on 
a  Two  Cylinder  Vertical  Engine  with  Opposed  Crank  Pins.  D^ 
Three  Cylinder  Form.  E — Spacing  for  Four  Cylinder  Engines.  F — 
Type  Employed  on  Six  Cylinder  Power  Plant. 


tion  to  this  almost  general  rule  is  the  Ford  car,  which  is  manu- 
factured in  immense  quantities  and  which  utilizes  the  roller  con- 
tact timer  previously  described. 

One  of  the  best  known  of  the  short  contact  forms  of  timer  is 
the  Atwater-Kent,  which  is  usually  combined  with  a  secondary 
distributor  as  shown  at  Fig.  35.  The  method  of  placing  this 
timing  and  distributing  member  in  circuit  is  clearly  shown  in 
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wiring  diagram  Pig.  34.  The  advantage  of  a  tinier  of  the  form 
shown,  as  contrasted  to  the  simple  type  previonsly  considered,  is 
that  a  one  unit  induction  coil  will  serve  any  number  of  cylinders 
from  2  to  8,  whereas  with  the  roller  type  shown  at  Fig.  31  a 
separate  induction  coil  is  needed  for  each  cylinder  to  be  fired. 


F^.  33. — Sectional  View  Showing  CooBtmcldoii  of  Ball  BearlnK,  Ball 
Contact  Timer. 


It  will  be  observed  that  the  coil  used  with  the  Atwater-Kent 
system  has  five  terminals,  four  of  these  being  primary  terminals, 
one  at  the  center  of  the  coil  box  a  secondary  or  high  tension  ter- 
minal. A  set  of  six  dry  cells  connected  in  series  is  vrired  to  one 
side  of  the  coil  box  as  indicated.  One  of  the  two  remaining  pri- 
mary terminals  runs  to  the  primary  contact  at  the  bottom  of  the 
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interrupter,  the  other  to  a  grounding  screw  attached  to  the  inter- 
rupter casing.  The  secondary  terminal  is  connected  to  the  central 
terminal  of  the  distributor,  while  the  remaining  four  terminals 
are  joined  to  the  plugs  in  the  engine  cylinders  in  such  order  as 
to  insure  proper  sequence  of  explosions.  The  external  view  of 
the  Atwater-Kent  uni-sparker  is  shown  at  Fig.  35,  A.  In  this 
a  centrifugal  mechanism  is  contained  in  the  lower  Dart  of  the 
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Fig.  S4 — Wiling  Diagram  of  Atwater-Kent  Uni-Sparker. 


casing  by  which  the  spark  is  automatically  advanced  as  the  speed 
of  the  engine  increases. 

The  only  points  that  will  wear  on  a  device  of  this  character  are 
the  contact  points  which  are  clearly  shown  in  the  view  of  the 
contact  breaker  mechanism  at  Fig.  36.  The  revolving  shaft  in  the 
center  has  a  number  of  notches,  two,  three,  four,  six,  or  eighty 
according  to  the  number  of  cylinders  to  be  fired,  cut  into  it.  A 
light,  hardened  steel  trigger,  B,  is  held  against  the  shaft  at  this 
point  by  a  small  spring.  On  turning  the  shaft  this  trigger  is  carried 
forward  by  the  notches  in  the  shaft,  and  is  suddenly  released  as  the 
hook  end  leaves  the  notch.    In  so  doing  the  back  of  the  trigger 
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strikes  a  small  pivoted  hammer,  D,  situated  between  the  trigger  and 
the  spring  carrying  the  contact  points.  This  causes  the  contact 
points,  K,  to  open  and  close  with  remarkable  rapidity,  but  one  eon- 
tact  being  made  for  each  spark.  When  it  is  desired  to  adjust  the 
platinum  contact  points,  as  when  they  show  signs  of  wear,  it  is  only 
necessary  to  remove  one  or  more  of  a  number  of  extremely  thin. 
■washers  under  the  head  of  the  adjustment  screw  and  to  replace 
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the  screw.  The  contact  points  should  be  absolutely  clean  and 
bright  and  have  smooth  contacting  surfaces.  The  distributor  por- 
tion of  the  device  consists  of  a  hard  rubber  block  fitted  to  the 
top  of  the  primary  shaft,  this  carrying  a  brass  quadrant  that 
passes  the  high  tension  current  to  the  spark  plugs  by  means  of  the 
terminal  points  imbedded  in  the  hemispherical  cover.  There  is  no 
ectual  contact  between  the  rotating  quadrant  and  the  distributor 
points,  as  the  high  tension  current  is  capable  of  jumping  the  very 
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Fig.  36. — Diagrams  Explaining  Acttoa  of  Atwater-Kent  Contact  Breakra. 


slight  gap  that  exists  between  them.  Owing  to  there  being  no  act- 
ual contact,  there  will  be  no  depreciation  in  the  distributor  or 
upper  portion.  The  center  terminal,  which  is  in  connection  with 
the  induction  coil,  is  a  combination  of  carbon  and  brass,  and  a 
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light,  flat  spring  on  the  quadrant  bears  against  it  to  maintain 
positive  electrical  connection.  The  distributor  cover  is  easily  re- 
moved without  the  use  of  tools,  as  it  is  held  by  spring  clips. 
Location  or  dowel  pins  in  its  lower  edge  insure  that  it  will  be 
replaced  in  the  correct  position. 

One  of  the  most  popular  of  the  combined  starting,  lighting  and 
ignition  systems  is  the  Delco,  which  is  shown  at  Fig.  37.  For 
the  present  we  will  concern  ourselves  merely  with  discussing  the 
ignition  functions  of  the  system,  leaving  the  self -starting  and 
electric  lighting  features  for  more  comprehensive  consideration 
later.  Current  is  produced  by  a  one  unit  type  motor-generator, 
although  the  windings  of  the  device  when  operated  as  a  motor  or  a 
generator  are  entirely  separate.  The  ignition  current  is  obtained 
either  from  a  storage  battery  which  is  kept  in  a  state  of  charge  by 
the  generator^  or  from  a  set  of  dry  cells  which  are  carried  for 
reserve  ignition.  The  ignition  system  consists  of  a  one  unit  non- 
vibrator  coil,  sometimes  attached  to  the  top  of  the  motor  generator, 
though  it  may  be  placed  at  any  convenient  part  of  the  car  and  a 
dual  automatic  distributor  and  timer  usually  included  as  a  part 
of  the  device  as  shown.  When  ignition  current  is  supplied  from 
the  lighting  circuit  the  current  passes  from  the  storage  battery 
through  a  switch  and  out  to  the  low  tension  winding  of  the  coil, 
from  whence  it  passes  to  the  timer  and  from  there  to  the  frame, 
where  it  is  grounded.  The  high  tension  current  generated  in  the 
coil  runs  to  the  distributor,  where  it  is  switched  to  the  spark  plug 
in  the  different  cylinders  in  turn. 

When  dry  cells  are  used  for  ignition  the  operation  is  the  same 
except  that  a  device  called  '*the  ignition  relay,"  and  shown  at 
the  right  of  Fig.  38,  is  added  to  the  circuit.  The  function  of 
this  device  is  to  break  the  circuit  immediately  after  it  has  been 
completed  by  the  contact  points  of  the  timer,  which  is  shown  at 
the  left.  The  use  of  the  ignition  relay  results  in  a  material  saving 
of  the  battery  current  as  the  circuit  is  closed  a  much  shorter  time 
than  is  the  case  when  the  circuit  is  broken  by  the  timer  contacts 
themselves.  The  operation  of  the  relay  is  not  difficult  to  under- 
stand. The  magnet  A  attracts  the  armature  B  when  the  circuit 
is  completed  through  the  timer.    This  action  opens  contact  C  and 
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breaks  the  timer  circuit.  A  condenser  D  is  mounted  besides  the 
magnet  coil  A,  in  ,order  to  absorb  the  current  produced  by  self- 
induction  in  the  magnet  winding,  which  would  be  apt  to  produce 
a  hot  spark  between  the  contact  points  when  they  were  separated 
if  no  means  were  taken  for  its  disposal.  The  adjustment  of  the 
relay  is  at  the  pole  piece  E.  This  regulates  the  distance  between 
the  armature  B  and  the  magnet  pole,  and  the  gap  between  the 
contacts  C.  The  adjustment  is  made  by  turning  the  notched  head 
at  E  clockwise  to  increase,  anti-clockwise  to  decrease,  the  gap  be- 
tween the  contacts.  The  correct  distance  between  contacts  C  when 
the  armature  B  is  pressed  down  is  equal  to  approximately  the 
thickness  of  one  sheet  of  newspaper.  A  very  simple  way  in  which 
the  adjustment  can  be  made  when  the  engine  is  running  on  the 
battery  is  to  turn  the  notched  head  of  the  pole  piece  in  the  counter- 
clockwise direction  until  the  motor  ceases  to  fire.  Thefn  turn  it 
four  or  five  notches  in  the  opposite  direction.  Under  no  condi- 
tions should  the  adjustment  screw  be  turned  very  far  in  either 
-  direction.  If  the  armature  vibrates  feebly  when  the  starting  but- 
ton is  pressed  it  indicates  either  weak  dry  cells  or  dirt  between 
the  relay  or  timer  contacts. 

The  interior  arrangement  of  one  form  of  timer  for  both  dry  cells 
and  storage  battery  current  is  shown  at  -Fig.  38.  The  cam  C  is 
driven  by  a  rotating  shaft  and  establishes  contact  between  the 
points  when  the  cam  rider  rises  on  the  point  of  the  cam.  When 
the  cam  rider  drops  into  the  notch  between  the  high  points  the 
contact  points  separate.  The  same  instructions  that  have  been 
given  for  the  contact  points  of  the  Atwater-Kent  timer  apply  just 
as  well  in  this  case.  While  the  contact  points  are  but  one-eighth 
inch  in  diameter,  it  is  said  that  many  thousands  of  miles  of  service 
may  be  obtained  without  readjusting.  It  is  important  that  the 
contact  spring,  which  is  the  straight  one  carrying  the  platinum 
point,  should  have  a  good  tension  outward  against  the  cam  rider 
member  below  it.  It  is  said  that  this  spring  should  be  capable 
of  supporting  the  weight  of  half  a  pound.  If  the  tension  is  not 
sufficiently  great  the  contact  points  barely  break  contact  which 
permits  the  spark  to  arc  between  them,  tending  to  burn  them. 
The  contact  should  be  so  adjusted  that  the   contact  spring  is 
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forced  away  from  the  breaker  member  at  least  half  the  distance 
of  the  T-slot  on  the  vertical  part  of  the  cam  rider,  when  the  latter 
is  on  the  contact  lobe  of  the  cam.  The  contact  points  should  open 
about  ten  one-thousandths  (.010  inch)  inch  when  the  contact  arm 
rests  upon  the  back  stop.  The  contact  arm  should  clear  the  cam 
except  at  the  contact  lobe.     A  short  wire  connects  the  two  posts 


Tig.  38. — ^Delco  Primary  Timer  at  I<eft  and  Ignition  Belay  at  Bii^t. 

of  the  breaker  arms  and  this  connection  should  always  be  inspected 
wken  making  adjustments  to  insure  that  it  has  not  been  disturbed. 
It  is  said  that  if  this  wire  is  disconnected  the  current  will  pass 
through  the  contact  spring,  impairing  its  tension.  Whenever  the 
contact  points  are  deaned  care  should  be  taken  to  have  the  sur- 
faces parallel. 

In  some  of  the  Delco  ignition  systems  an  automatic  spark  ad- 
vance mechanism  is  used.  The  usual  method  of  wiring  when  the 
distributor  is  a  separate  member  from  the  generator  is  shown  at 
A,  the  left  of  Pig.  39.  The  construction  of  the  automatic  spark 
advance  mechanism  is  shown  at  B.    In  this  the  shaft  which  trans- 
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mits  motion  to  the  timer  is  in  the  form  of  a  tube  T,  revolved  by 
spiral  gears.  An  inclined  slot  is  cnt  through  the  walls  of  this  hol- 
low driving  member.  A  smaller  shaft  is  carried  inside  of  the 
hollow  member,  and  a  vertical  slot  is  cut  through  this  shaft  in 
order  to  permit  a  pin  to  pass  through  it,  said  pin  being  actuated 
by  a  collar  adapted  to  slide  up  and  down  on  the  outside  of  the 
hollow  driving  shaft    The  pin  passes  through  both  the  straight 


Fig.  39. — Parts  of  Delco  1914  Syatem.  A— Delco  Tlmei,  Ooil  and  Con- 
denser Assembly.  B — Constxuctioii  of  Delco  Aotomatlc  Sparic  Ad- 
vance,   O — Delco  Voltage  Regulator. 

slot  in  the  small  shaft  and  the  incline  slot  in  the  hollow  driving; 
member.  If  the  collar  holding  the  pin  is  moved  it  will  change  its 
angular  relation  with  the  small  Shaft  which  will  advance  the  tim- 
ing cam  of  the  contact  breaker.  The  collar  is  shifted  by  a  spring 
loaded  revolving  ring  R,  which  moves  from  the  position  shown  in 
the  drawing  to  a  horizontal  position  as  the  speed  increases.  This 
ring  is  connected  to  the  sliding  collar  and  causes  it  to  rise,  ad- 
vancing the  spark  as  the  engine  speeds  up  or  to  fall,  retarding 
the  spark  as  the  engine  speed  decreases.     If  desired,  the  spark 
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timing  may  be  controlled  independently  of  the  automatic  advance 
mechanism  by  a  spark  lever  connected  to  the  corresponding  mem- 
ber on  the  steering  wheel.  The  voltage  regulator,  which  will  be 
described  when  discussing  the  generating  function  of  the  Delco 
instrument,  is  shown  at  Fig.  39,  C. 

Condenser. — The  condenser  consists  of  two  long  strips  of  folded 
tinfoil  insulated  from  each  other  by  paraffined  or  oiled  paper,  and 
connected  as  shown  in  Fig.  40.  The  condenser  has  the  property 
of  being  able  to  hold  a  certain  quantity  of  electrical  energy,  and 
like  the  storage  battery,  wiE  dischai^e  this  energy  if  there  is  any 
circuit  between  its  terminal.  As  the  distributor  contacts  open  the 
magnetism  commences  to  die  out  of  the  iron  core,  this  induces  a 
voltage  in  both  the  primary  and  secondary  windings  of  the  coil. 
This  induced  voltage  in  the  primary  winding  amounts  to  from  100 
to  125  volts.  This  charges  the  condenser  which  immediately  dis- 
charges itself  through  the  primary  winding  of  the  coil  in  the  reverse 
direction  from,  which  the  ignition  current  originally  flows.  This 
discharge  of  the  condenser  causes  the  iron  core  of  the  coil  to  be 
quickly  demagnetized  and  remagnetized  in  the  reverse  direction, 
with  the  result  that  the  change  of  magnetism  within  the  secondary 
winding  is  very  rapid,  thus  producing  a  high  voltage  in  the  second- 
ary winding  which  is  necessary  for  ignition  purposes.  In  addition 
to  rapidly  demagnetizing  the  coil  the  condenser  prevents  sparking 
at  the  breaker  contacts — thus  it  is  evident  that  the  action  of  the 
condenser  can  very  seriously  affect  the  amount  of  the  spark  from 
the  secondary  winding  and  the  amount  of  sparking  obtained  at  the 
timer  contacts. 

Ignition  Coil. — This  is  sometimes  mounted  on  top  of  the  motor 
generator  and  is  what  is  generally  known  as  the  ignition  trans- 
former coil.  In  addition  to  being  a  plain  transformer  coil  it  has 
incorporated  in  it  a  condenser  (which  is  necessary  for  all  high 
tension  ignition  systems)  and  has  included  on  the  rear  end  an 
ignition  resistance  unit.  The  coil  proper  consists  of  a  round  core  of 
a  number  of  small  iron  wires.  Wound  around  this  and  insulated 
from  it  is  the  primary  winding.  The  circuit  and  arrangement  of 
the  different  parts  are  shown  in  Fig.  41.  The  primary  current 
is  supplied  through  the  combination  switch  and  resistance  on  the 
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coil,  through  the  primary  winding,  to  the  distributor  eontaets.  This 
is  very  plainly  shown  on  the  circuit  diagram.  It  is  the  inter- 
rupting of  this  primary  current  by  the  timer  contacts  together 
with  the  action  of  the  condenser  which  causes  a  rapid  demagnetiza^ 
tion  of  the  iron  core  of  the  coil  that  induces  the  high  tension  current 
in  the  secondary  winding;    This  secondary  winding  consists  of  sev- 
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era!  thousand  turns  of  very  fine  copper  wire,  the  different  layers  of 
which  are  well  insulated  from  each  other  and  from  the  primary 
winding,  one  end  of  which  terminates  at  the  high  tension  terminal 
about  midway  on  top  of  the  coil.  It  is  from  this  terminal  that  the 
high  tension  current  is  conducted  to  the  distributor  where  it  is  dis- 
tributed to  the  proper  cylinders  by  the  rotor  shown  in  Pig,  42. 

Ignition  Besistance  Unit. — The  ignition  resistance  unit  which 
is  shown  in  Fig.  41  is  for  the  purpose  of  obtaining  a  more  nearly 
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nuiform  current  through  the  primary  winding  of  the  ignitioD 
coil  at  the  time  the  distributor  contacts  open.  It  consists  of 
a  number  of  turns  of  iron  wire,  the  resistance  of  which  is  consider- 
ably more  than  the  resistance  of  the  primary  winding  of  the  ignition 
coiL  If  the  ignition  resistance  unit  was  not  in  the  circuit  and  the 
coil  was  so  constructed  as  to  give  the  proper  spark  at  high  speeds, 
the  primary  current  at  low  speeds  would  be  several  times  its  normal 
value  with  serious  results  to  the  timer  contacts.  This  is  evident 
from  the  fact  that  the  primary  current  is  limited  by  the  resistance 
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Fig.  11. — Sectional   View  Showing  Ammgement  of  Wiring  In  Delco 
Ignltioii  OoiL 

of  the  coil  and  resistance  unit  by  the  impedence  of  the  coil.  {Im- 
pedence  is  the  choking  effect  which  opposes  any  alternating  or  pul- 
sating current  magnetizing  the  iron  core.)  The  impedence  increases 
as  the  speed  of  the  pulsations  increase.  At  low  speeds  the  resistance 
of  the  unit  increases,  due  to  the  slight  increases  of  current  beating 
the  resistance  wire. 

The  Cirooit  Breaker. — The  circuit  breaker  is  mounted  on  the 
combination  switch  as  shown  in  Fig.  42.  This  is  a  protective 
device  which  takes  the  place  of  a  fuse  block  and  fuses.  It  prevents 
the  discharging  of  the  battery  or  damage  to  the  switch  or  wiring 
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to  the  lamps,  in  the  event  of  any  of  the  wires  leading  to  these 
becoming  grounded.  As  long  as  the  lamps  are  using  the  normal 
amount  of  current  the  circuit  breaker  is  not  affected.  But  in  the 
event  of  any  of  the  wires  becoming  grounded  an  abnormally  heavy 
current  is  conducted  through  the  circuit  breaker,  thus  producing  a 
strong  magnetism  which  attracts  the  pole  piece  and  opens  the  con- 
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tacts.  This  cuts  off  the  flow  of  current  which  allows  the  contacts 
to  close  again  and  the  operation  is  repeated,  causing  the  circuit 
breaker  to  pass  an  intermittent  current  and  give  forth  a  vibrating 
sound.  It  requires  25  amperes  to  start  the  circuit  breaker  vibrating, 
but  once  vibrating  a  current  of  three  to  five  amperes  will  cause 
it  to  continue  to  operate.  In  case  the  circuit  breaker  vibrates  re- 
peatedly, do  not  attempt  to  increase  the  tension  of  the  spring,  as 
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meet  squarely  across  the  entire  face.  The  rotor  distributes  the  high 
tension  current  from  the  center  of  the  distributor  to  the  proper 
cylinder.  Care  must  be  taken  to  see  that  the  distributor  head  is 
properly  located,  otherwise  the  rotor  brush  will  not  be  in  contact 
with  the  terminal  at  the  time  the  spark  occurs. 

Combination  Switch. — The  combination  switch  is  located  on  the 
cowl  board  and  makes  the  necessary  connections  for  ignition  and 


Tig.    44. — Deica    Combination    Switcli   wltboat    AmpMem«tet   Staowlng 
HeEuUlght  Dimmer  Beslstance. 

lights.  The  "M"  button  controls  the  magneto  type  ignition  and 
the  "B"  button,  the  dry  battery  ignition.  In  addition  to  this  both 
the  "M"  and  "B"  buttons  control  the  circuit  between  the  generator 
and  storage  battery.  When  the  circuit  between  the  generator  and 
the  storage  battery  is  closed  by  either  the  "M"  or  "B"  button 
on  the  combination  switch,  the  direction  of  flow  of  the  current  is 
from  the  battery  to  the  generator  when  the  engine  is  not  running, 
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B8  well  as  when  it  is  rimning  below  300  R.  P.  M.  But  the  amount 
of  current  that  flows  from  the  battfiry  at  the  lowest  possible  engine 
speeds  is  so  small  that  it  is  negligible.  That  used  on  Buiek  1915 
cars  is  shown  at  Fig. 
44,  the  type  supplied 
on  1916  cars  is  out^ 
lined  at  Fig.  42. 

To  Time  the  Igni- 
tion.— 1.  Fully  retard 
the  spark  lever.  2. 
Turn  the  engine  to 
mark  on  flywheel 
about  one  inch  past 
dead  center  to  the  "7 
degree"  line,  with  No. 
1  cylinder  on  the  fir- 
ing stroke.  3,  Loosen 
screw  in  center  of  tim- 
ing mechanism  (Fig. 
45)  and  locate  the 
proper  lobe  of  the  cam 
by    turning   until   the 


Pig.  46. — How  Cover  la  Bemoved  from  Delco  Dlstribntor. 
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button  on  the  rotor  comes  under  the  high  teusiou  terminal  for  No.  1 
cylinder.  4.  Set  this  lobe  of  the  cam  ao  that  when  the  back  lash 
in  the  distributor  gears  is  rocked  forward  the  timing  contacts 
will  be  open,  and  when  the  back  lash  is  rocked  backward  the 
contacts  WILL  JUST  CLOSE,  Tighten  screw  and  replace  rotor 
and  distributor  head.  The  construction  of  the  distributor  head 
is  clearly  shown  at  Pig.  42,  which  shows  the  internal  view,  while 
Pig.  46  shows  the  exterior  and  plan  of  contact  brushes. 


>St-<^>^  X2Mtm\-0>ni^  I 


Westlnghouse  Vortical  Ignition  Unit. — The  "Westinghouse  ver- 
tical ignition  unit,  shown  at  Pig.  47,  can  be  used  for  ignition  from 
storage  batteries  or  plain  lighting  generators.  This  set  contains 
interrupter,  spark  coil  and  condenser,  and  distributor,  all  in  one 
unit.  One  wire  from  the  battery  or  generator  to  the  ignitioj^ 
unit  and  one  wire  to  each  spark  plug  are  all  that  are  required — 
the  simplest  possible  connections.  The  interrupter,  located  at  the 
lower  end  of  the  set,  has  the  same  type  of  circuit-breaker  as  that 
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on  the  "Westinghouse  ignition  and  lighting  generators,  but  no 
automatic  spark  advance  feature.  It  can  be  used  equally  efficiently 
for  either  direction  of  rotation  without  change.  The  interrupter 
is  enclosed  by  a  spring 
collar  which  can  be 
readily  removed  for 
inspection  or  adjust- 
ment of  the  contacts. 
The  collar  makes  a 
tight  joint  and  is 
clamped  by  a  sere* 
which  prevents  it  from 
slipping.  The  spark 
coil  is  embedded  in 
heat  -  proof  insulating 
material,  and  the  con- 
denser is  well  insu- 
lated. Both  are  con- 
tained in  a  tube  of 
Bakelized  M  i  c  a  r  t  a 
which  forms  the  body 
of  the  unit.  The  dis- 
tributor is  of  very 
simple  eonstruetion 
with  a  wiping  brush 
contact  of  the  same 
type  as  that  used  on 
the  ignition  generat- 
ors. It  clamps  to  the 
upper  end  of  the  set. 
The  wiring  diagram 
of  this  system  is  shown 
at  Pig.  48.  The  device 
is  sometimes  mounted  in  connection  with  a  generator  when  that 
member  is  driven  by  direct  gear  connection  from  cam  shaft  which 
provides  a  properly  timed  drive  for  the  ignition  unit.  This  method 
of  application  is  clearly  shown  at  Pig,  49, 


Fig.  48. — Stiowlng  Internal  Wiring  of  West 
Inghonee  Tlmer-Diatribntoi  and  OoU  Igni- 
tion TTnit. 
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Spark  Plug  Design  and  Application. — With  the  high-tension 
system  of  ignition  the  spark  is  produced  by  a  current  of  high 
voltage  jumping  between  two  points  which  break  the   complete 
circuit,  which  would  exist  otherwise  in  the  secondary  coil  and  its 
external  eonneetions.     The  spark  plug  is  a  simple  device  which 
consists  of  two  terminal  electrodes  carried  iu  a  suitable  shell  mem- 
ber, which  is  screwed  into  the  cylinder.     Typical  spark  plugs  are 
ahown  in  section  at  Figs.  50  and  51,  and  the  construction  can  be 
easily  understood.   The 
secondary    wire    from 
the  coil  is  attached  to 
a  terminal  at  the  top 
of  a  central  electrode 
member,  which  is  sup- 
ported in  a  bushing  of 
some  form  of  insulat- 
ing material.   The  type 
shown  at  A  employs  a 
molded  porcelain  as  an 
insulator,    whUe    that 
depicted   at  D  uses  a 
bushing  of  mica.     The 
insulating  bushing  and 
electrode    are    housed 
in  a  steel  body,  which 
is     provided     with     a 
screw  thread  at  the  bottom,  by  which  it  is  screwed  into  the  eom- 
■bustion  chamber. 

When  porcelain  is  used  as  an  insulating  material  it  is  kept 
from  direct  contact  with  the  metal  portion  by  some  form  of  yield- 
ing packing,  usually  asbestos.  This  is  necessary  because  the  steel 
and  porcelain  have  different  coefficients  of  expansion  and  some 
flesihility  must  be  provided  at  the  joints  to  permit  the  materials 
to  expand  differently  when  heated.  The  steel  body  of  the  plug 
which  is  screwed  into  the  cylinder  is  in  metallic  contact  with  it 
and  carries  sparking  points  which  form  one  of  the  terminals  of 
the  air  gap  over  which  the  spark  occurs.     The  current  entering 
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at  the  top  of  the  plug  cannot  reach  the  ground,  which  is  repre- 
sented by  the  metal  portion  of  the  engine,  until  it  has  ^traversed 
the  full  length  of  the  central  electrode  and  overcome  the  resistance 
of  the  gap  between  it  and  the  terminal  point  on  the  shell.  The 
porcelain  bushing  is  firmly  seated  against  the  asbestos  packing  by 
means  of  a  brass  screw  gland  which  sets  against  a  flange  formed 
on  the  porcelain,  and  which  screws  into  a  thread  at  the  upper 
portion  of  the  plug  body. 

The  mica  plug  shown  at  D  is  somewhat  simpler  in  construction 
than  that  shown  at  A.  The  mica  core  which  keeps  the  central 
electrode  separated  from  the  steel  body  is  composed  of  several 
layers  of  pure  sheet  mica  wound  around  the  steel  rod  longitu- 
dinally, and  hundreds  of  stamped  mica  washers  which  are  forced 
over  this  member  and  compacted  under  high  pressure  with  some 
form  of  a  binding  material  between  them.  Porcelain  insulators 
are  usually  molded  from  high  grade  clay  and  are  approximately 
of  the  shapes  desired  by  the  designers  of  the  plug.  The  central 
electrode  may  be  held  in  place  by  mechanical  means  such  as  nuts, 
packings,  and  a  shoulder  on  the  rod,  as  shown  at  A.  Another 
method .  sometimes  used  is  to  cement  the  electrode  in  place  by 
means  of  some  form  of  fire-clay  cement.  Whatever  method  of 
fastening  is  used,  it  is  imperative  that  the  joints  be  absolutely 
tight  so  that  no  gas  can  escape  at  the  time  of  explosion.  With  a 
mica  plug  the  electrode  and  the  insulating  bushing  are  really  a 
unit  construction  and  are  assembled  in  permanent  assembly  at 
the  time  the  plug  is  made. 

Other  insulating  materials  sometimes  used  are  glass,  steatite 
(which  is  a  form  of  soapstone),  and  lava.  Mica  and  porcelain  are 
the  two  common  materials  used  because  they  give  the  best  results. 
Glass  is  liable  to  crack  while  lava  or  the  soapstone  insulating  bush- 
ings absorb  oil.  The  spark  gap  of  the  average  plug  is  equal  to 
about  346  ^^  ft^  i^cli  fo^*  <^oil  iguition  and  from  %4  to  %2  oi.  an 
inch  when  used  in  magneto  circuits.  A  simple  gauge  for  deter- 
mining the  gap  setting  is  the  thickness  of  an  ordinary  visiting 
card  for  magneto  plugs,  or  a  space  equal  to  the  thickness  of  a 
worn  dime  for  a  coil  plug.  The  insulating  bushings  are  made  in 
a  number  of  different  ways,  and  while  details  of  construction  vary, 
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spark  plugs  do  not  differ  essentially  in  design.  Four  different 
forms  of  plugs  using  porcelain  insulation  are  shown  in  part  sec- 
tion at  Fig.  51.  Porcelain  is  the  material  most  widely  used  be- 
cause it  can  be  glazed  so  that  it  will  not  absorb  oil,  and  it  is 
subjected  to  such  high  temperature  in  baking  that  it  is  not  liable 
to  crack  when  heated. 

The  spark  plugs  may  be  screwed  into  any  convenient  part  of 
the  combustion  chamber,  the  general  practice  being  to  install  them 
in  the  caps  over  the  inlet  valves,  or  in  the  side,  of  the  combustion 
chamber,  so  the  points  will  be  directly  in  the  path  of  the  entering 
fresh  gases  from  the  carburetor.  The  methods  of  spark  plug  in- 
stallation commonly  used  are  shown  at  Fig.  52.  At  A  the  plug 
is  screwed  into  a  threaded  hole  which  passes  through  the  valve 
cap  in  such  a  manner  that  the  points  are  in  a  pocket.  This  is 
not  considered  to  be  as  good  as  the  method  depicted  at  B,  where 
the  interior  of  the  valve  cap  is  recessed  out  so  there  is  consid- 
erable clear  space  around  the  spark  points.  When  the  electrodes 
are  carried  in  a  pocket  they  are  more  liable  to  become  short  cir- 
cuited by  oil  or  carbon  accumulations,  because  it  is  difficult  for 
the  fresh  gases  to  reach  them  and  the  pocket  tends  to  retain  heat. 
Ignition  is  not  so  certain  because  some  of  the  burned  gases  may 
be  retained  in  the  pocket  and  prevent  the  fresh  gas  from  getting 
in  around  the  spark  gap.  With  a  recess,  as  shown  at  B,  condi- 
tions are  more  favorable  because  the  fresh  gases  can  sweep  the 
points  of  the  spark  plug  and  keep  them  clear,  and  also  because 
of  the  larger  space  any  burned  products  retained  in  the  cylinder 
are  not  so  apt  to  collect  around  the  plug  point.  The  method  of 
installation  shown  at  C  causes  the  plug  to  heat  and  is  not  as 
efficient  as  that  outlined  at  D,  which  permits  ready  transference 
of  heat  to  the  cooling  water  in  the  jacket  spaces. 

On  some  types  of  engines  which  are  not  provided  with  com- 
pression relief,  or  priming  cocks,  plugs  are  sometimes  installed, 
as  shown  at  Fig.  51,  C.  A  special  fitting,  which  carries  a  priming 
cup  at  one  side,  is  screwed  into  the  cylinder  and  the  spark  plug 
is  fitted  to  its  upper  portion.  When  it  is  desired  to  relieve  the 
compression,  the  valve  portion  is  turned  in  such  a  way  that  a 
passage  is  provided  from  the  interior  of  the  fitting  to  the  outer  air. 
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Tig.  62, — DlnatiationB  Showing  Proper  and  Improper  Placing  of  Spark 
Plugs. 

At  the  same  time  when  the  valve  is  in  the  position  shown  in  illns- 
tratioD,  gasoline  may  be  introduced  into  the  cylinder  for  priming 
purposes.  It  is  advanced  that  this  method  of  construction  also 
provides  a  simple  means  of  freeing  the  plug  points  from  oil  or 
particles  of  carbon  if  the  cock  is  opened  while  the  engine  is 
running.     The  high  pressure  gas  which  brushes  by  the  points  on 
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its  way  out  of  the  cylinder  tends  to  dislodge  any  particle  of 
foreign  matter  which  may  be  present  near  the  spark  gap.  The 
same  objections  apply  to  this  method  of  mounting  as  to  that 
illustrated  at  A. 

Some  spark  plugs  have  been  designed  with  a  view  of  per- 
mitting one  to  see  if  the  charge  is  being  exploded  regularly  in  the 
cylinder  by  some  form  of  transparent  material  for  insulation,  so 
that  the  light  produced  by  the  explosion  could  be  seen  from  the 
outside  of  the  cylinder.  The  simplest  method  of  determining  if  a 
spark  is  occurring  regularly  between  the  points  is  to  use  some 
form  of  spark  gap  which  is  interposed  between  the  source  of  cur- 
rent and  the  plug  terminal.  A  device  of  this  nature  is  shown 
at  Pig.  51,  G.  It  consists  of  a  body  of  insulating  material  which 
carries  in  a  glass  tube  two  points,  which  are  separated  by  a  slight 
air  space.  The  eye  or  hook  end  is  attached  to  the  plug  terminal, 
while  the  other  end  is  attached  to  the  secondary  wire.  If  the 
current  is  passing  between  the  points  of  the  plug,  a  spark  will 
take  pla<3e  between  the  points  of  the  auxiliary  spark  gap  every 
time  one  occurs  between  the  points  of  the  plug  in  the  cylinder. 

It  is  claimed  that  there  are  certain  advantages  obtained  when 
a  spark  gap  is  used  in  the  circuit,  in  that  the  spark  in  the  cylinder 
is  more  eflPective  and  less  liable  to  be  short  circuited  by  particles 
of  foreign  matter.  At  the  other  hand,  others  contend  that  the 
current  must  be  stronger  to  jump  two  gaps  than  would  be  re- 
quired if  only  the  resistance  of  one  was  to  be  overcome.  While 
very  popular  at  one  time,  the  spark  gap  is  of  rather  doubtful 
utility  and  is  seldom  used  at  the  present  time,  except  as  a  means 
of  indicating  if  spark  has  taken  place  between  the  points  of  the 
spark  plug.  It  is  apt  to  be  somewhat  misleading,  however,  be- 
cause even  if  the  points  of  the  plug  are  short  circuited  and  no 
spark  is  taking  place  between  the  plug  points,  and  yet  current  is 
passing  to  the  ground,  a  spark  will  continue  to  take  place  at  the 
auxiliary  spark  gap.  The  device  is  useful  in  showing  when  there 
is  a  break  or  derangement  of  the  wiring  or  coils. 

A  form  of  spark  plug  having  glass  bull  's-eyes  set  into  the  plug 
shell  or  body  is  shown  at  Fig.  51,  H.  '  These  simple  lenses  are  made 
of  specially  compounded  glass,  which  has  a  high  resistance  to  heat 
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and  every  time  an  explosion  takes  place  in  the  cylinder  the  light 
resulting  causes  a  flash  which  is  readily  seen  through  the  lens. 
If  the  flashing  is  regular  it  is  safe  to  assume  that  the  cylinder  is 
functioning  properly,  but  should  the  flashes  be  intermittent  or 
separated  by  unequal  intervals  of  time  the  cylinder  is  missing 
explosions. 

It  is  often  desirable  to  have  a  water-tight  joint  between  the 
high-tension  cable  and  the  terminal  screw  on  top  of  the  insulating 
bushing  of  the  spark  plug,  especially  in  marine  applications.  The 
plug  shown  at  Fig.  51,  F,  is  provided  with  an  insulating  member 
or  hood  of  porcelain,  which  is  secured  by  a  clip  in  such  a  manner 
that  it  makes  a  water-tight  connection.  Should  the  porcelain  of 
a  conventional  form  of  plug  become  covered  with  water  or  dirty  oil, 
the  high-tension  current  is  apt  to  run  down  this  conducting  mate- 
rial on  the  porcelain  and  reach  the  ground  without  having  to 
complete  its  circuit  by  jumping  the  air  gap  and  producing  a 
spark.  It  will  be  evident  that  wherever  a  plug  is  exposed  to  the 
elements,  which  is  often  the  case  in  motor-cycle  or  motor-boat 
service,  that  it  should  be  protected  by  an  insulating  hood  which 
will  keep  the  insulator  dry  and  prevent  short  circuiting  of  the 
spark. 

Spark  plugs  are  made  in  infinite  variety,  more  simple  forms 
being  shown  at  Fig.  50.  Those  in  section  at  A,  B  and  C  utilize 
a  porcelain  insulator  through  which  a  central  rod  or  electrode 
passes.  This  terminates  at  the  top  in  a  threaded  member,  to 
which  the  thumb  nut  is  screwed.  In  most  plugs  using  porce- 
lain insulators  a  cap  is  cemented  to  the  top  of  the  porcelain 
in  order  to  form  a  seating  for  the  thumb  nuts.  The  form  outlined 
at  A  is  the  type  of  plug  most  generally  used,  as  it  is  a  simple  and 
effective  design.  It  is  easier  to  clean  the  points  or  the  interior 
of  the  body  than  in  the  form  shown  at  B,  which  has  a  closed 
end  and  which  must  be  dismembered  in  order  to  remove  the  sooty 
deposit  from  the  insulator  surface.  The  type  of  plug  at  C  has 
a  very  fine  wire  imbedded  in  the  lower  portion  of  the  porcelain, 
which  18  in  connection  with  a  conductor  of  heavier  material  used 
to  transmit  the  current  from  the  terminal  nuts  to  the  fine  wire. 
The  theory  of  action  of  a  plug  of  this  nature  is  that  the  fine  wire 
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is  not  so  apt  to  be  short  circuited  by  soot  as  the  projeetiHK  elec- 
trode forms  are,  and  that  the  spark  tends  to  clear  away  material 
that  might  short  circuit  the  current  by  burning  it. 

The  plugs  shown  at  D  and  E  have  mica  insulators  instead  of 
porcelain.  When  mica  Is  used  a  sheet  of  that  material  is  wrapped 
around  the  central  electrode  several  times,  after  which  a  series 


Fig.  53. — ConTCntional  Type  of  Spark  Plug  at  A,  Sbotflng  Air  Oap  Be- 
tween the  Points.    B — Priming  Plugs.    C — Two-Point  Spai^  Plug. 

of  mica  washers  is  damped  tightly  together  and  turned  down  to 
form  a  smooth  insulator.  The  plug  at  P  is  the  only  one  mar- 
keted using  glass  insulation.  Other  plug  forms  made  on  the  same 
general  principles  as  that  at  A  use  lava  or  steatite  as  an  insu- 
lator instead  of  the  porcelain  or  mica.  For  all-around  service  the 
porcelain  insulator  gives  the  best  results,  as  the  mica  and  lava 
insulators  are  apt  to  become  oil  soaked  and  permit  the  current 
*"  short  circuit  through  the  insulator  and  the  plug  body  instead 
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of  jumping  the  air  gap.  Another  representative  form  of  spark 
plug  showing  the  proper  space  between  the  spark  points  is^  shown 
at  Fig.  53,  A. 

The  plug  at  Fig.  53,  B,  is  one  that  combines  a  priming  feature 
and  is  intended  for  use  in  engines  of  the  Ford  type  in  which  no  pro- 
vision is  made  for  using  priming  cups  or  compression  relief  cocks. 
The  plug  body  is  formed  in  such  a  way  that  a  needle  valve  fitting 
may  be  screwed  into  it,  this  being  intended  to  close  a  passageway 
communicating  from  a  channel  around  the  top  of  the  plug  body 
to  the  interior  of  the  plug  body.  It  is  said  that  if  this  needle 
valve  is  opened  for  a  minute  or  so  while  the  engine  is  running 
that  there  will  be  a  tendency  to  clear  the  plug  points  of  any  loose 
oil  or  carbon.  The  compression  may  be  relieved  by  opening  the 
needle  valve,  and  if  it  is  desired  to  inject  gasoline  into  the  cylinder 
to  promote  easy  starting  this  may  be  easily  done  by  filling  the 
channel  or  groove  on  top  of  the  plug  body  with  the  fuel,  then 
opening  the  needle  valve  to  allow  it  to  pass  to  the  plug  interior. 
The  gasoline  will  run  down  the  walls  and  collect  around  the 
spark  points,  where  it  will  be  readily  ignited  by  the  spark. 

Plugs  for  Two-Spark  Ignition. — On  some  forms  of  engines, 
especially  those  having  large  cylinders,  it  is  sometimes  difficult  to 
secure  complete  combustion  by  using  a  single-spark  plug.  If  the 
combustion  is  not  rapid  the  efficiency  of  the  engine  .will  be  reduced 
proportionately.  The  compressed  charge  in  the  cylinder  does  not 
ignite  all  at  once  or  instantaneously,  as  many  assume,  but  it  is 
the  strata  of  gas  nearest  the  plug  which  is  ignited  first.  This 
in  turn  sets  fire  to  consecutive  layers  of  the  charge  until  the 
entire  mass  is  aflame.  One  may  compare  the  combustion  of  gas 
in  the  gas-engine  cylinder  to  the  phenomena  which  obtains  when 
a  heavy  object  is  thrown  into  a  pool  of  still  water.  First  a  small 
circle  is  seen  at  the  point  where  the  object  has  passed  into  the 
water,  this  circle  in  turn  inducing  other  and  larger  circles  until 
the  whole  surface  of  the  pool  has  been  agitated  from  the  one 
central  point.  The  method  of  igniting  the  gas  is  very  similar 
as  the  spark  ignites  the  circle  of  gas  immediately  adjacent  to  the 
sparking  point,  and  this  circle  in  turn  ignites  a  little  larger  one 
concentric  with  it.     The  second  circle  of  flame  sets  fire  to  more 
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of  the  gas,  and  finally  the  entire  contents  of  the  combustion  cham- 
ber are  burning. 

While  ordinarily  combustion  is  sufficiently  rapid  with  a  single 
plug  80  that  the  proper  explosion  is  obtained  at  moderate  engine 
speeds,  if  the  engine  is  working  fast  and  the  cylinders  are  of 


Tig.  54. — Double  Pole  Spark  Plug  and  Metbod  of  Applying  It  to  Obtain 
Two  Spai^  In  Oylinder. 

large  capacity,  more  power  may  be  obtained  by  setting  fire  to  the 
mixture  at  two  different  points  instead  of  but  one.  This  may 
be  accomplished  by  using  two  sparking  plugs  in  the  cylinder 
instead  of  one,  and  experiments  have  shown  that  it  is  possible  to 
gain  from  twenty-five  to  thirty  per  cent,  in  motor  power  at  high 
speed  with  two-spark  plugs,  because  the  combustion  of  the  gas  is 
accelerated  by  igniting  the  gas  simultaneously  in  two  places.     To 
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fit  a  double-spark  system  successfully,  one  of  the  plugs  must  be 
a  double  pole  member  to  which  the  high-tension  current  is  first 
delivered,  while  the  other  may  be  one  of  ordinary  construction. 

A  typical  double-pole  plug  is  shown  in  section  at  Fig.  54,  A. 
In  this  member  two  concentric  electrodes  are  used,  these  being 
well  insulated  from  each  other.  One  of  these  is  composed  of  the 
usual  form  passing  through  the  center  of  the  .insulating  bushing, 
while  the  other  is  a  metal  tube  surrounding  the  tube  of  insulating 
material  which  is  wound  around  the  center  wire.  The  current 
enters  the  plug  through  the  terminal  at  the  top  in  the  usual 
manner,  but  it  does  not  go  to  the  ground  because  the  sparking 
points  are  insulated  from  the  steel  body  of  the  plug  which  screws 
into  the  cylinder.  After  the  current  has  jumped  the  gap  be- 
tween the  sparking  head  and  the  point,  it  flows  back  to  the  ter- 
minal plate  at  the  top,  from  which  it  is  conducted  to  the  insulated 
terminal  of  the  usual  type  plug. 

The  method  of  wiring  these  plugs  is  shown  at  Fig.  54,  B.  The 
secondary  wire  from  the  coil  or  magneto  is  attached  to  the  central 
terminal  of  the  double-pole  plug,  and  another  cable  is  attached  to 
the  insulated  terminal  plate  below  it  and  to  the  terminal  of  the 
regular  type  plug.  One  is  installed  over  the  inlet  valve,  the  other 
over  the  exhaust  valve,  if  the  system  is  fitted  to  a  T  head  cylinder. 
Before  the  current  can  return  to  the  source  it  must  jump  the  gap 
between  the  points  of  the  double-pole  plug  as  well  as  those  of 
the  ordinary  plug,  which  is  grounded  because  it  is  screwed  into 
the  cylinder.  When  a  magneto  of  the  high-tension  type  furnishes 
the  current  a  double  distributor  is  sometimes  fitted,  which  will 
permit  one  to  use  two  ordinary  single-pole  plugs  instead  of  the 
unconventional  double-pole  member.  Each  of  the  plugs  is  joined 
to  an  individual  distributor,  and  as  .but  one  primary  contact 
breaker  or  timer  is  used  to  determine  the  time  of  sparking  at 
both  plugs,  the  ignition  is  properly  synchronized  and  the  sparks 
occur  simultaneously. 

Sometimes  a  sp^rk  plug  of  the  special  form  shown  at  Fig.  53,  C, 
is  used  in  connection  with  a  regular  spark  plug  of  the  form  shown 
at  A,  the  special  plug  being  placed  first  in  the  circuit  and  joined 
to  the  regular  plug  by  a  length  of  wire  bridging  the  free  terminal 
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of  the  plug  at  C  with  that  on  top  of  the  insulator  of  the  regular 
pattern.  As  the  plugs  are  in  series,  the  current  must  jump  the 
gap  of  both  plugs  and  thus  two  sparks  occur,  which  is  said  to 
increase  power  by  accelerating  the  rate  of  flame  propagation,  which 
of  course  results  in  more  energetic  ignition.  The  insulator  is 
shaped  to  form  a  double  V,  the  sides  being  slightly  concave  and 
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Fig.   55. — ^Assembly  View  of  Four   Cylinder  Battery  Ignition   Group, 

Showing  Devices  and  Methods  of  Wiring. 


larger  than  the  center  V,  which  ends  in  a  sharp  point.  This  con- 
struction is  said  to  cause  the  point  to  be  self -cleaning  by  the  ex- 
plosion. Two  electrodes  pass  through  the  insulating  member  in- 
stead of  one,  these  being  insulated  from  each  other  and  the  plug 
body  as  well.  The  high  tension  current  enters  one  terminal  and 
passes  down  one  of  the  electrodes,  jumps  the  air  gap,  and  can 
only  reach  the  ground  if  the  terminal  connected  to  the  second 
electrode  is  in  electrical  connection  with  the  terminal  of  an  ordi- 
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nary  form  of  spark  plug  or  if  it  is  bridged  down  to  the  plug  body 
by  the  keeper  B.  When  this  keeper  is  in  place,  as  indicated,  the 
plug  will  act  the  same  as  a  single  electrode  sparker.  When  the 
plug  is  to  be  used  for  double  ignition  in  connection  with  one  of 
the  regular  forms,  the  keeper  B  should  be  removed  and  a  short 
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Fig.  56. — ^Method  of  Employing  Single  Vibrator  Coil  to  Fire  Four  Cylin- 
ders when  Secondary  Current  is  Distributed  Instead  of  Battery 
Energy. 

wire  used  to  join  the  terminal  to  which  the  keeper  was  attached 
to  the  terminal  of  the  regular  pattern  spark  plug. 

Typical  Battery  Ignition  Systems.— The  components  of  typi- 
cal battery  ignition  systems  may  be  easily  determined  by  studying 
the  illustrations  given  at  Figs.  55,  56  and  57.  The  four-cylinder 
ignition  group  shown  at  Fig.  55  depicts  the  conventional  method 
of  wiring  two  sets  of  batteries,  a  four-point  timer  or  commutator, 
and  a  four-unit  induction  coil  together.  It  will  be  seen  that  eight 
dry  cells  are  wired  together  in  series  and  are  used  as  an  auxiliary 
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to  a  six-volt  or  three-cell  storage  battery.  The  negative  terminals 
of  the  storage  battery  and  dry  cell  set  are  coupled  together  by  a 
short  length  of  wire  and  are  grounded  by  being  attached  to  the 
engine  base  by  a  suitable  conductor.  The  positive  terminals  are 
coupled  to  the  two  binding  posts  under  the  switch  or  the  coil. 
The  four  points  of  the  commutator  are  attached  to  the  different 
units  of  the  coil  while  the  secondary  wires  run  from  the  high- 
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Fig.  57. — ^Distributar  and  Coil  Ignition  Group  for  Six  Cylinder  Motor, 
Showing  Order  of  Firing  and  Wiring  Connections. 


tension  terminals  on  the  bottom  of  the  coil  to  the  spark  plugs  in 
the  cylinders.  If  the  switch  lever  is  placed  on  one  contact  button, 
the  current  is  obtained  from  the  dry  cells.  If  it  is  swung  over 
to  the  other  side,  electricity  from  the  storage  battery  is  utilized! 
A  typical  high-tension  distributor  system  is  shown  at  Fig.  56. 
Two  sources  of  primary  current  are  provided,  one  being  a  six-cell, 
dry  battery,  the  other  a  three-cell,  or  six-volt  storage  battery. 
The  battery  connections  are  similar  to  those  previously  shown  and 
'^nt  a  single  unit  coil  is  needed  to  fire  all  cylinders.     A  single 
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primary  wire  is  attached  to  the  commutator  section  of  the  dis- 
tributor. The  secondary  wire  from  the  induction  coil  is  joined 
to  the  distributing  terminal  on  the  top  of  the  distributor,  from 
which  it  is  delivered  to  the  collecting  terminals  spaced  on  quar- 
ters around  the  outer  periphery  of  the  distributor  casing  by  means 


Ffg.  S& — Complete  Foid  Magneto  IgnlUim  Syston,  a  DlzUnctlTe  Hetliod 
Fonnd  Only  on  This  Car. 

of  a  central  distributing  segment.     Suitable  conductors  connect 
the  distributor  with  the  spart  plugs  in  the  cylinders. 

The  illustration  at  Fig.  57  is  practically  the  same  as  that  at 
Pig.  56,  except  that  a  distributor  capable  of  firing  a  six-cylinder 
engine  is  used.  If  individual  unit  coils  were  to  be  employed,  as  is 
the  case  at  Fig.  55,  the  coil  box  would  contain  six  units  and  the 


118         Starting,  Lighting  and  Ignition  Systems 

primary  timer  wonjd  have  six  contact  points.    The  wiring  would 
be  considerably  more  complicated  than  the  system  outlined. 

Master  Vibrator  Ignition  Systems. — Practically  the  only  ear 
at  the  present  time  using  the  individual  unit  system  of  ignition  is 
the  Ford,  the  complete  wiring  diagram  of  which  is  clearly  shown 
at  Fig.  58,  in  the  relation  the  parts  actually  occupy  in  the  car. 
It  will  be  observed  that  the  induction  coil  has  ten  terminals,  six 
of  these  being  for  the  primary  circuit  and  four  for  the  secondary 
wires.  The  upper  terminals  of  the  coil  are  primary  and  run  to 
the  timer  segments.  The  four  secondary  terminals  are  connected 
to  the  spark  plugs  as  indicated,  while  the  remaining  two  terminals, 
which  are  at  the  bottom  of  the  coil,  are  joined  to  the  magneto 
terminal  and  to  the  battery  respectively.  In  the  system  outlined 
each  coil  has  a  separate  vibrator. 

Many  Ford  cars  have  been  supplied  with  what  is  known  as  a 
master  vibrator,  which  is  a  magnetic  circuit  breaker  intended  to 
perform  that  function  for  all  of  the  coils.  It  is  claimed  that  a  de- 
vice of  this  character  produces  synchronism  of  the  ignition  spark, 
which  is  not  possible  to  obtain  where  four  separate  vibrators  are 
used  on  account  of  some  of  these  being  tuned  up  faster  than  the 
others.  It  is  contended  that  this  makes  a  smoother-running  engine 
and  one  delivering  more  power.  A  master  vibrator  unit  that  en- 
joys wide  sale  is  of  K-W  manufacture  and  is  designed  especially  for 
use  with  Ford  cars.  The  method  of  wiring  the  vibrator  is  clearly 
outlined  in  the  upper  left  hand  corner  at  Fig.  59.  As  the  vibra- 
tor unit  carries  a  switch  on  its  face,  it  has  three  terminals  at  the 
bottom,  the  center  one  of  which  is  connected  to  one  of  the  regular 
terminals  of  the  spafk  coil,  leaving  the  other  one  blank.  One  of 
the  outside  terminals  of  the  master  vibrator  is  coupled  to  the  mag- 
neto, the  other  to  a  battery.  The  switch  of  the  main  coil  is  used 
only  on  one  contact  button,  and  may  be  left  on  that  button,  as  the 
battery  or  magneto  may  be  thrown  in  circuit  at  will  by  the  switch 
on  the  master  vibrator  coil.  It  is  necessary  to  short  circuit  the 
regular  vibrators  in  order  to  put  them  out  of  commission.  This 
is  done  by  running  a  wire  between  the  vibrator  springs  and  the 
bridge  carrying  one  of  the  contact  points,  as  shown  at  the  bottom  of 
Fig.  59.     Another  method  of  short  circuiting  the  vibrator  is  to 
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keep  the  points  in  contact  by  wedging  a  piece  of  wood,  rubber  or 
cardboard  under  the  vibrator  spring  between  the  core  of  the  coil 
and  the  vibrator.  Keeping  the  points  in  contact  in  thia  manner  is 
equivalent  to  short  circuiting  them  by  the  wire  shunt. 

"When  but  one  vibrator  is  used  the  contact  points  must  be  made 
lai^er  than  those  on  the  individual  vibrators,  because  it  does  four 
times  as  much  work.     The  construction  of  the  K-W  vibrator  is 
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Fig.  69.— How  Master  Vttrator  Is  Used. 

clearly  shown,  and  in  view  of  the  instructions  that  will  be  given 
for  the  eare  and  adjustment  of  these  devices  it  is  not  neces- 
sary to  describe  its  construction.  The  instructions  given  for 
adjusting  the  vibrator  are  very  simple,  it  being  merely  neces- 
sary to  observe  if  there  is  a  space  of  %4  inch  between  the  plat- 
inum contact  points  when  the  vibrator  spring  is  held  down 
firmly  on  the  iron  core.  A  gauge  made  of  %4  inch  thick  steel  may 
be  placed  between  the  contact  points  until  the  adjusting  screw  is 
screwed  down  to  a  point  where  the  gauge  can  be  pulled  out  with- 
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out  much  trouble.  This  will  give  the  proper  distance  for  the  arma- 
ture or  bottom  spring  to  travel. 

Non-vibrator  Distributor  Systems. — Because  of  the  almost  uni- 
versal employment  of  electricity  for  lighting  and  starting  systems, 
the  battery  ignition  system  has  been  improved  materially  inasmuch 
as  the  storage  battery  supplying  the  current  is  constantly  charged 
by  a  generator.  A  number  of  systems  has  been  devised,  these 
operating  on  two  diflferent  principles,  the  open  circuit,  such  as  the 
Atwater-Kent,  previously  described,  and  the  closed  circuit.  An 
example  of  the  close  circuit  system  is  shown  at  C,  Fig.  60,  and 
is  of  Connecticut  design,  the  complete  ignition  system  consisting 
of  a  combined  timer  and  high  tension  distributor,  a  separate  in- 
duction coil  and  a  switch.  The  system  is  distinctive  in  that  the 
timer  is  so  constructed  that  the  primary  circuit  of  the  coil  is 
permitted  to  become  thoroughly  saturated  with  electricity  before 
the  points  separate,  with  a  result  that  a  spark  of  maximum  in- 
tensity is  produced.  The  action  is  very  much  the  same  as  that 
of  a  magneto  on  account  of  the  saturation  of  the  winding.  An- 
other feature  is  the  incorporation  with  the  switch  of  a  thermo- 
statically operated  electro-magnetic  device  which  automatically 
breaks  the  connection  between  the  battery  and  the  coil  should  the 
switch  be  left  on  with  the  motor  idle. 

The  contact  breaker  mechanism  consists  of  an  arm  A  carrying 
one  contact,  a  stationary  block  B  carrying  the  other  contact,  a 
fiber  roller  B  which  is  carried  by  the  arm  A  and  operated  by  points 
on  the  cam  C,  which  is  mounted  on  the  driving  shaft.  Normally 
the  contacts  are  held  together  under  the  action  of  a  light  spring. 
As  the  four  cams,  which  in  touching  the  roller  B  raise  the  arm  and 
separate  the  contacts,  are  90  degrees  for  a  four-cylinder  motor, 
the  period  of  saturation  of  the  coil  or  the  length  of  time  the  cur- 
rent flows  through  it  to  the  battery  is  sufficiently  long  so  that 
when  the  points  have  separated  the  current  which  has  **  piled '* 
up  induces  an  intensely  hot  spark  at  the  plugs.  This  is  an  ad- 
vantage? inasmuch  as  it  insures  prompt  starting  and  regular  ignition 
at  low  engine  speed  as  well  as  providing  positive  ignition  at  high 
engine  speed. 

The  thermostatic  circuit  breaking  mechanism  is  very  simple. 
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This  consists  of  the  thermostat  T,  which  heats  when  the  current 
passes  through  it  for  from  thirty  seconds  to  four  minutes  without 
interruption,  and  thus  is  bent  downward,  making  contact  with  the 
contact  L.  This  completes  an  electrical  circuit  which  energizes 
the  magnets  M,  causing  the  arm  K  to  operate  like  the  clapper  in 
an  electric  bell.  This  arm  strikes  against  the  plate,  which  releases 
whichever  of  the  two  buttons  in  the  switch  may  be  depressed. 

As  will  be  observed,  the  transformer  coil  provided  has  five 
terminals.  One  of  these  is  connected  directly  with  the  ground, 
the  other  leads  to  the  central  secondary  distributing  brush  of 
the  timer-distributor.  Of  the  three  primary  leads,  one  goes  to  the 
switch,  one  to  the  wire  leading  from  the  storage  battery  to  the 
timer,  and  one  directly  to  a  terminal  on  the  timer.  The  switch 
is  provided  with  three  buttons,  the  one  marked  B  being  depressed 
to  start  the  engine,  as  the  ignition  current  is  then  drawn  from  the 
storage  battery.  After  the  engine  has  been  started  the  button 
marked  M  is  pressed  in,  this  taking  the  current  directly  from  the 
generator.  To  interrupt  ignition  the  button  **off"  is  pressed  in, 
this  releasing  whichever  of  the  buttons,  B  or  M,  is  depressed.  Four 
wires  run  from  the  distributor  section  of  the  igniter  to  the  spark 
plug. 

The  1916  Connecticut  automatic  ignition  system,  shown  at  Fig. 
61,  is  considerably  simplified  and  more  compact  than  earlier  types. 
The  igniter  housing  now  has  a  rounded  top  for  the  reception  of 
the  leads  to  the  spark  plugs,  this  form  being  an  improvement  over 
the  flat  top  in  that  it  provides  no  lodging  place  for  moisture  and 
dust,  etc.  At  the  same  time,  the  housing  which  carries  the  dis- 
tributor segments  has  been  made  lighter.  The  distributor  arm 
also  has  been  lightened  and  made  more  compact.  Other  improve- 
ments include  the  adoption  of  a  new  type  of  compression  lock 
washer  holding  the  cover  plate  over  the  breaker  mechanism  in 
place,  and  a  new  type  of  inclosed  ball  bearing  at  the  lower  end 
of  the  driving  shaft.  In  principle,  the  new  type  of  switch,  which 
is  in  addition  to  the  standard  round  type,  is  exactly  like  the  older 
one  except  that  it  is  mounted  entirely  behind  the  dash  with  noth- 
ing in  view  except  a  plate  and  four  switch  buttons.  One  of  these 
serves  to  make  the  ignition  circuit  and  another  to  break  it.     A 
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third  button  switches  on  head  and  tail  lamp  and  the  fourth  button 
dims  the  head  lamps  for  city  driving.  Any  combination  of  light- 
ing switches  can  be  incorporated  in  the  switch  plate. 


W3 


Fit  61. — ninBtiatloiu  Shoving  Oontitructloii  of  1916  Oonnectlcnt  Ignltloii 
SjStan  Timers  and  TliennoBtaticBlly  Controlled  SwltclL 

When  the  ignition  switch  is  closed,  current  drawn  from  the 
storage  battery  is  caused  to  pass  through  a  tiny  thermostat  on 
its  way  to  the  coil  and  thence  to  the  distributor,  and  finally  to  the 
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pings.     If  the  motor  is  not  started  within  a  short  time  after  the 
switch  is  closed — the  length  of  time  is  easily  adjustable — the  ther- 
mostat closes  a  circuit  through  a  tiny  electric  buzzer  operating  a 
releasiag  hammer  which  automatically  opens  the  ignition  circuit 
and  thus  prevents  the  battery  draining  itself.     Obviously,  if  the 
motor  is  stalled  and  not  again  started,  the  thermostat  will  open 
the  circuit  in  the  same 
way.    Thus,  it  is  impos- 
sible for  the  motor  to 
stand  idle  for  more  than 
a  minute  or  so  with  the 
ignition    switch    closed. 
When  the  motor  is  run- 
ning the  amount  of  cur- 
rent    passing     througli 
the    thermostat    is    so 
small  that  it  is  negligi- 
ble and  has  no  effect. 

The  Remy  system  also 
operates  on  the  closed 
circuit  principle  and  is 

Fig.  62^E«ny  Ignition  Unit  Designed  to  Tit     «''«'™  ^^  ^'  ^8"  ^**'  '°  * 
SUndaid  Magnvto  Base.  totm    adapted    for   six- 

cylinder  engine  igni- 
tion. The  transformer  coil  is  of  the  three  terminal  type, 
one  secondary  going  to  the  central  secondary  distributing  bruah 
of  the  timer  while  one  primary  is  joined  to  the  primary  contact 
terminal  of  the  timer  portion  of  the  igniter.  The  remaining  coil 
terminal  is  joined  to  the  switch.  One  of  the  poles  of  the  storage 
battery  and  one  of  the  series  connected  dry  cell  batteries  are 
grounded,  while  from  the  other  two  the  wires  run  to  the  switch 
contacts.  The  current  may  thus  be  derived  either  from  the  dry 
cell  batteries  for  emergency  or  from  the  storage  battery  for  regular 
igmtion  purposes.  The  construction  of  the  timer  which  incor- 
porates the  breaker  mechanism  is  clearly  shown.  The  movable 
platinum  contact  point  is  carried  by  the  arm  A,  which  fulerums 
OD  the  bearing  S,  and  which  has  a  piece  of  hard  steel  F  riveted 


Battery  Igmtion  Systems  125 

to  it  to  act  as  a  cam  rider.  The  cam  C  is  of  hexagonal  form, 
having  siz  points  which  separate  the  contacts  when  they  ride 
over  the  shoe  F  attached  to  the  arm  A.  The  fixed  platinmn  con- 
tact point  B  is  so  arranged  that  it  may  be  adjusted  by  moving 
in  or  out  as  conditions  demand.  It  is  to  this  member  that  the 
primary  terminal  of  the  eoil  is  connected. 

A  typical  combined  timer  distributor  known  as  the  Halladay 
is  ebown  at  B,  Fig.  60.     The  make  and  break  mechanism  is  very 


simple  in  design,  as  is  the  distributing  mechanism.  The  contact 
between  the  platinum  points  is  established  by  a  four  point  cam. 
The  secondary  current  is  distributed  from  the  central  terminal  to 
the  four  distributing  terminals  by  a  carbon  brush  very  much  simi- 
lar in  design  to  that  employed  in  a  high  tension  magneto.  This 
operates  on  the  open  circuit  principle.  A  complete  ignition  unit 
consisting  of  induction  coil  and  timer-distributor  of  Remy  design,. 
so  mounted  that  it  will  fit  the  standard  magneto  base  and  arranged 
so  it  can  be  driven  in  the  same  manner,  is  shown  at  Pig.  62.  The 
wiring  diagram  of  this  igniter  is  outlined  at  Pig.  63.    The  indue- 
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tion  coil  and  construction  of  distributor  for  six-cylinder  engine  igni- 
tion are  depicted  at  Fig.  64.  The  Remy  ignition  system  is  some- 
times incorporated  in  a  combined  ignition-generator,  as  shown  in 
wiring  diagram  at  Pig.  65. 

Features  of  Low-Tensiou  Ignition  System. — Though  the  low- 
tendon  ignition  system  is  seldom  used  at  the  present  time,  a  brief 
description  of  the  method  of  producing  a  make-and-break  spark 
is  desirable  so  the  reader  may  gain  a  thorough  knowledge  of  the 


Fig.  M. — Extenuil  View  of  Bemy  InducUon  C^  At  I<eft  Mid  Puts  of 
Tlmer-Dlstrlbatoi  »t  Bight. 

methods  of  i^ition  in  vogue.  In  order  to  obtain  a  spark  in  the 
cylinder  of  any  engine,  it  is  necessary  that  there  be  a  break  in 
the  circuit  and  that  this  break  or  interruption  be  inside  of  the 
combustion  chamber.  The  igniter  plate  used  is  different  in  con- 
.struction  from  the  spark  plug  forming  part  of  the  high-tension 
system,  as  the  break  is  made  by  moving  contacts  which  serve  to 
time  the  spark  as  well  as  produce  it. 

A  typical  igniter  is  shown  at  A  and  B,  Fig.  66.    It  consists  of 
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a  drop-forged  plate  approximately  triangular  in  form  which  has 
a  conical  ground  surface  to  fit  a  corresponding  female  member  in 
the  combustion  chamber.  It  is  secured  by  three  bolts  to  a  corner 
of  the  cylinder  close  to  the  inlet  valve  so  the  contact  points  will 
be  traversed  by  the  gases  entering  from  the  carburetor.  As  shown 
at  B,  the  fixed  contact  point  is  called  the  anvil,  while  the  movable 
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Fig.  65. — ^Wiring  Diagram  Showing  Method  of  Connecting  Bemy  Ignition 

Generator  in  Primary  Circuit. 


or  rocking  member  is  called  the  hammer.  The  anvil  is  insulated 
from  the  igniter  plate  by  a  bushing  of  mica  or  lava,  and  the 
hammer  alternately  makes  and  breaks  contact  with  the  anvil. 

The  method  of  actuating  the  hammer  by  a  rocker  arm  is  clearly 
shown  at  Fig.  67,  B.  The  rocker  arm  H  is  in  the  form  of  a  short 
lever  ending  in  a  slotted  opening  which  is  connected  to  the  top 
of  the  vertical  lifter  rod  T.  This  is  actuated  by  a  cam  on  the 
inlet  valve  cam  shaft  C,  which  raises  the  plunger  in  the  guide 
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bushing.  "When  the  lifter  rod  moves  upward  the  contact  point 
on  the  hammer  inside  of  the  cylinder  comes  into  contact  with  the 
platinnm  point  on  the  anvil  and  closes  the  circuit.  "When  the 
igniter  cam  reaches  the  proper  point  for  igniting  the  charge  the 
lifter  rod  T  falls  and  as  the  action  is  quickened  by  a  spring,  S,  1, 
at  the  bottom  of  the 
lifter  rod  the  ham- 
mer arm  is  separated 
from  the  contact 
point  on  the  anvil 
and  a  spark  takes 
place  as  the  points 
are  pulled  apart. 

The  coil  used  when 
batteries  are  em- 
ployed to  furnish  the 
current  is  a  simple 
form.  It  is  a  wind- 
ing of  comparatively 
coarse  wire  around 
a  core  composed  of  a 
bundle  of  soft  iron 
wire.  The  battery 
current  is  intensified 
to  a  certain  extent 
by  the  self-induction 
of  one  layer  of  wire 
upon  the  others,  and 
when  contact  is  brok- 
en a  brilliant  spark 
occurs  between  the 
points  of  the  igniter  plate.  Batteries  are  seldom  used  for  regular 
service  on  the  low-tension  system  because  the  demands  are  too  severe. 
One  of  the  advantages  of  this  system  is  that  the  wiring  is  ex- 
tremely simple,  as  will  be  seen  by  consulting  the  diagram  of  the 
low-tension  ignition  system  illustrated  at  Fig.  67,  A.  In  this  both 
a  low-tension  magneto  and  set  of  batteries  are  provided,  the  former 


rig,    66. — Constmctlon    of    Locomobllft    Low 
Tension  Igniter  Plate. 
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being  used  for  regular  ignition  while  the  latter  are  carried  for 
emergency  service.  A  simple  form  of  magneto  will  serve  any  num- 
ber of  cylinders  because  the  insulated  terminals  of  the  igniters  are 
joined  together  by  a  simple  conductor  or  bus  bar.  A  wire  from 
the  magneto  terminal  is  joined  to  one  side,  of  the  switch,  while  the 
other  side  of  the  switch  is  coupled  to  the  coil  which  is  carried  in 
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Fig.  67. — ^Diagram  Showing  Method  of  Operating  Locomobile  Low  Tension 

Igniter. 

the  battery  box.  A  short  wire  connects  the  top  of  the  switch 
lever  with  the  bus  bar.  If  the  switch  lever  is  swung  to  the  left, 
the  magneto  produces  the  current  for  the  igniters,  and  if  the 
switch  lever  is  placed  on  the  button  at  the  right,  the  current, 
supply  is  taken  from  the  batteries.  The  dry  cells  are  joined 
together  in  series  connection,  one  pole  being  joined  to  a  coil  ter- 
minal, the  other  being  grounded.  The  coil  and  the  igniter  plates 
are  in  series  with  the  batteries  and  the  current  is  returned  to  the 
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ground  through  the  rocker  arm,  which  is  a  metallic  contact  with 
the  igniter  plate. 

The  disadvantage  which  has  militated  against  the  general  use  of 
the  make-and-break  system  of  ignition  is  that  it  is  very  difficult  to 
obtain  synchronized  spark  after  the  mechanism  has  become  worn, 
and  unless  the  igniter  plates  are  kept  in  perfect  adjustment  the 
spark  time  will  vary  and  the  efficiency  of  the  engine  will  be 
lowered.  As  the  moving  electrodes  operate  under  extremely  disad- 
vantageous conditions  it  is  difficult  to  prevent  rapid  wear  of  the 
rocker  arm  bearing  at  the  igniter  plate  and  consequent  leakage  of 
gas  results.  Owing  to  the  multiplicity  of  joints  in  the  operating 
mechanism  it  is  difficult  to  secure  regular  action  without  backlash 
or  lost  motion. 

With  a  high-tension  system  there  are  no  moving  parts  inside  of 
the  cylinder  and  it  is  not  difficult  to  maintain  a  tight  joint  between 
the  plug  body  and  the  cylinder  head.  The  timer  mechanism  which 
is  employed  when  batteries  and  coils  are  utilized  to  furnish  the  cur- 
rent is  a  comparatively  simple  device  which  is  not  liable  to  wear  be- 
cause it  can  be  easily  oiled  and  has  a  regular  rotating  movement 
which  can  operate  without  getting  out  of  time  much  better  than 
the  reciprocating  parts  of  the  make-and-bifeak  mechanism.  "When 
a  direct  high-tension  magneto  is  used  the  system  is  not  much  more 
complicated  as  far  as  wiring  is  concerned  than  a  low-tension  group, 
and  as  the  ignition  is  more  reliable  it  is  not  strange  that  jump 
spark  or  high-tension  ignition  is  almost  generally  used  in  automo- 
bile practice. 

Double  and  Triple  Ignition  Methods. — There  are  many  cars 
in  operation  to-day  which  utilize  double  and  triple  ignition  sys- 
tems. On  some  of  these  it  is  possible  to  have  three  practically  in- 
dependent means  of  supplying  the  ignition  spark.  As  will  be  ap- 
parent, the  wiring  of  a  triple  ignition  system  is  apt  to  be  much 
more  complex  than  that  of  the  simpler  methods  now  in  vogue.  In 
the  ignition  system  outlined  at  Fig.  68,  which  has  been  used  on  a 
six  cylinder  car,  it  will  be  evident  that  in  addition  to  the  usual 
Bosch  D-6  dual  magneto  an  entirely  independent  individual  spark 
coil  and  battery  timer  system  is  included.  Two  sets  of  plugs  are 
used,  one  serving  both  magneto  distributor  systems,  while  the  other 
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Tig.  69. — Wiring  Dlagnun  of  Double  Ignition  Bystein  at  A,  of  Tiiplo 
Ignition  SyHtam  at  B,  Both  for  Four  Cylinder  Engines. 

is  connected  to  the  individual  coil  units.  The  connections  of  the 
magneto  system  are  no  different  than  in  the  regular  dual  system 
previously  described,  while  those  of  the  battery  and  coil  may  be 
easily  determined  by  a  close  study  of  the  diagram.  The  primary 
timer  has  six  contacts,  one  of  which  serves  each  ignition  coil  As 
the  firing  order  of  this  engine  is  1-5-3-6-2-4,  the  wires  from  the 
timer  must  run  to  the  individual  unit  coils  ia  the  same  order  so 
as  to  have  the  cylinders  fire  in  proper  sequence.  For  examnle 
the  wire  from  the  contact  No.  1  of  the  timer  runs  to  coil  No    l' 
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next  in  order  is  contact  No.  5,  which  is  wired  to  coil  unit  No.  5. 
Following  this  comes  timer  contact  No.  3,  which  supplies  current 
to  coil  No.  3.  While  the  individual  spark  coils  are  connected  in 
order,  i.e.,  coil  No.  1  is  joined  to  spark  plug  and  cylinder  No.  1,  coil 
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Fig.  70. — ^Practical  Application  of  Double  Ignition  System  to  Four  Cylin- 
der Power  Plant. 


No.  2  to  spark  plug  and  cylinder  No.  2,  and  so  on  the  timer  con- 
tact must  be  numbered  according  to  the  firing  order.  It  will  be 
apparent  that  two  sources  of  ignition  current  are  provided  for  the 
battery  and  coil  systems,  one  being  a  storage  battery,  the  other  a 
set  of  dry  cells. 
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A  double  ignition  system  in  which  a  true  high  tension  magneto 
is  used  and  a  four  unit  vibrator  coil  and  four  point  timer  is  shown 
at  A,  Fig.  69.  This  ignition  system  is  for  a  four-cylinder  motor 
having  a  firing  order  of  1-3-4-2.  At  B,  Fig.  69,  a  triple  igni- 
tion system  for  a  four-cylinder  engine  is  shown,  this  being  prac- 
tically the  same  as  that  outlined  at  Fig.  68  except  that  the  wir- 
ing diagram  is  somewhat  simpler  owing  to  the  lesser  number  of 
cylinders.  The  advantage  of  a  double  ignition  system  is  that 
one  can  determine  if  irregular  engine  operation  is  due  to  the  igni- 
tion system  or  not  very  easily  by  running  the  engine  first  on  one 
system,  then  on  the  other.  If  the  engine  runs  as  it  should  on  the 
battery  system  after  it  has  been  misfiring  on  the  magneto  it  is 
reasonable  to  assume  that  some  portion  of  the  magneto  system  is 
not  functioning  properly.  If  the  engine  runs  well  on  the  magneto, 
but  not  on  the  battery,  the  trouble  may  be  ascribed  to  failure  in 
the  chemical  current  producer  or  its  auxiliary  devices.  On  the 
other  hand,  if  the  engine  does  not  run  well  on  either  ignition 
systems,  it  is  fair  to  assume  that  the  trouble  is  not  due  to  faulty 
ignition.  A  non-technical  illustration  of  one  of  the  double  igni- 
tion systems  that  were  prominent  before  the  general  adoption  of 
self-starters  and  when  the  high-tension  magneto  was  not  yet  ac- 
cepted without  suspicion  is  shown  at  Fig.  70. 

Battery  Ignition  System  Troubles. — Ignition  troubles  are  usu- 
ally evidenced  by  irregular  engine  action.  The  motor  will  not  run 
regularly  nor  will  the  explosions  follow  in  even  sequence.  There 
may  be  one  cylinder  of  a  multiple  cylinder  motor  that  will  not 
function  at  all,  in  which  case  the  trouble  is  purely  local,  whereas 
if  all  the  cylinders  run  irregularly  there  is  some  main  condition 
outside  of  the  engine  itself  that  is  causing  the  trouble.  The  first 
point  to  examine  is  the  source  of  current.  Full  instructions  for 
the  care  and  repair  of  storage  batteries  are  given  in  following  pages 
so  we  will  first  consider  the  simple  primary  or  dry  cells.  It  will 
be  observed  that  a  dry  cell  is  very  simple  in  construction  and  that 
nothing  is  apt  to  occur  that  will  reduce  its  capacity  except  diminu- 
tion in  the  strength  of  the  electrolyte  or  eating  away  of  the  zinc 
can  by  chemical  action.  The  elements  in  a  dry  cell  are  usually 
combined  in  such  proportions  that  about  the  time  the  electrolyte 
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is  exhausted,  the  zinc  can  will  also  have  outlived  Its  usefulness. 
It  is  much  cheaper  to  replace  dry  cells  with  new  ones  than  to 
attempt  to  repair  the  exhausted  ones. 

Evaporation  of  the  electrolyte  is  the  main  cause  of  deteriora- 
tion of  dry  cells  as  the  internal  resistance  of  the  cell  increases  when 


Pig.  71. — ^Vlew  at  A,  Showing  Intemal  ConBtructioii  of  Dry  Cell  Batt«r7. 
B — Method  of  T«Btliig  X>tj  Cells  with  AmpeTeroeter. 

the  moisture  evaporates.  It  is  said  that  dry  cells  will  depreciate 
even  when  not  in  use,  so  it  is  important  for  the  repairman  to  buy 
these  only  as  needed  and  not  to  keep  a  large  stock  on  hand.  In 
order  to  test  the  capacity  of  a  dry  cell  an  amperemeter  is  used  as 
indicated  at  Fig,  71,  B.  Amperemeters  are  made  in  a  variety  of 
forms,  some  being  combined  with  volt  meters.  The  combination 
instrument  is  the  best  form  for  the  repairman  to  use  as  the  volts 
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scale  can  be  employed  for  testing  storage  batteries  while  the  am- 
pere scale  may  be  utilized  in  determining  the  strength  of  dry 
cells.  A  fully  chai^d,  fresh  dry  cell  should  show  a  current 
output  of  from  twenty  to  twenty-five  amperes.  If  the  cell  indi- 
cates below  six  or  seven  amperes,  it  should  be  discarded  as  it  is 
apt  to  be  exhausted  to  such  a  point  that  it  will  not  furnish  cur- 
rent enough  to  insure  energetic  or  reliable  ignition.     Dry  cells 


Fig.  72. — Showing  Comtrncilan  of  Storage  Battery  Plates.  Grids  at 
Left  of  niustratloa  are  Not  Filled  wltli  AcUto  aiat«rial  In  Order  to 
Clearly  Show  Skeleton  of  Flate. 

should  always  be  stored  in  a  cool  and  dry  place,  so  that  the  elec- 
trolyte will  not  evaporate.  If  moisture  is  given  an  opportunity 
to  collect  on  the  top  of  the  pitch  seal  it  wiU  allow  a  gradual  loss 
of  current  due  to  short  circuiting  the  cells.  In  applying  an  am- 
peremeter, care  should  be  taken  to  always  connect  the  positive 
terminal  marked  with  a  plus  sign  against  the  carbon  terminal.  In 
the  indicating  meter  shown  at  B,  it  is  necessary  to  use  only  one 
contact  point  which  is  pressed  against  the  screw  passing  through 
the  carbon  rod.    The  case  of  the  instrument  is  placed  in  contact 


Storage  Battery  Troubles  187 

with  the  zinc  terminal  to  complete  the  circuit.  A  flexible  wire 
is  usually  included  in  order  to  test  the  amperage  of  a  group  of 
cells  should  this  be  thought  necessary.  When  dry  cells  are  used 
for  automobile  ignition,  they  should  be  carefully  packed  in  a  box: 
made  of  non-conducting  material,  such  as  wood,  and  securely  cov- 
ered so  there  will  be  no  chance  for  water  to  enter  the  container. 
If  placed  in  a  sheet  metal  case,  care  should  be  taken  to  line  the  box 
with  insulating  material  and  also  to  pack  the  cells  tightly  so  they 
cannot  shake  around.  The  best  practice  is  to  use  wedges  or  blocks 
of  wood  which  are  driven  in  between  the  cells  to  keep  them  apart. 
In  no  case  should  a  dry  cell  be  placed  directly  in  a  steel  box,  as 
the  binding  posts  on  the  zincs  might  come  in  contact  with  the 
walls  of  the  box  and  tend  to  short  circuit  the  cells,  producing 
rapid  depreciation.  A  battery  box  should  always  be  placed  at  a 
point  where  it  is  not  apt  to  be  drenched  with  water  when  the 
car  is  washed  or  should  be  watertight  if  exposed. 

Storage  Battery  Defects. — The  subject  of  storage  battery 
maintenance  was  thoroughly  covered  in  a  paper  read  by  H.  M. 
Beck  before  the  S.  A.  E.  anj^  published  in  the  transactions  of 
the  society.  Some  extracts  from  this  are  reproduced  in  connec- 
tion with  notes  made  by  the  writer  and  with  excerpts  from  in- 
struction books  of  battery  manufacturers  in  order  to  enable  the 
reader  to  secure  a  thorough  grasp  of  this  important  subject  with- 
out consulting  a  mass  of  literature.  Endeavor  has  been  made  to 
simplify  the  technical  points  involved  and  to  make  the  exposition 
as  brief  as  possible  without  slighting  any  essential  points.  In 
view  of  the  general  adoption  of  motor  starting  and  lighting  sys- 
tems on  all  modern  automobiles,  the  repairman  or  motorist  must 
pay  more  attention  to  the  electrical  apparatus  than  formerly 
needed  when  the  simple  magneto  ignition  system  was  the  only 
electrical  part  of  the  automobile.  The  storage  battery  is  one  of 
the  most  important  parts  of  the  modern  electrical  systems  and 
all  up-to-date  repairmen  must  understand  its  maintenance  and 
chaining  in  order  to  care  for  cars  of  recent  manufacture  intelli- 
gently. 

A  storage  battery,  from  an  elementary  standpoint,  consists  of 
two  or  more  plates,  positive  and  negative,  insulated  from  each 
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other  and  submei^d  in  a  jar  of  dilute  snlphurie  acid.  The  plates 
consist  of  finely  divided  lead,  known  as  the  active  material,  held 
in  grids  which  serve  both  as  supports  and  as  conductors  for  the 
active  material  as  at  Fig.  72.  The  active  material  being  finely 
divided,  offers  an  enormous  surface  to  the  electrolyte  and  thus 


Fig.  73. — Part  Sectional  View,  Sbowlng  Construction  of  Ezide  Starttng 
and  Ughting  Battei;. 

electro-chemical  action  can  take  place  easily  and  quickly.  Two 
plates  such  as  described,  would  have  no  potential  difference,  the 
active  material  of  each  being  the  same.  If,  however,  current  from 
an  outside  source  is  passed  between  them,  one,  the  positive,  will  be- 
come oxidized,  while  the  other  remains  as  before,  pure  lead.     This 
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combination  will  be  found  to  have  a  potential  difference  of  about 
two  volts,  and  if  connected  through  an  external  circuit,  current 
will  flow. 

During  discharge,  the  oxidized  plate  loses  its  oxygen  and  both 
plates  will  become  sulphated  until,  if  the  discharge  is  carried  far 
enough,  both  plates  will  again  become  chemically  alike,  the  active 
material  consisting  of  lead  sulphate.  On  again  charging,  the 
sulphate  is  driven  out  of  both  plates  and  the  positive  plate  oxi- 
dized and  this  cycle  can  be  repeated  as  often  as  desired  until  the 
plates  are  worn  out.  Thus  charging  and  discharging  simply  re- 
sult in  a  chemical  change  in  the  active  material  and  electrolyte, 
and  the  potential  difference  between  the  plates  and  capacity  is 
due  to  this  change. 

In  taking  care  of  a  storage  battery,  there  are  four  points 
which  are  of  the  first  importance: 

First — The  battery  must  be  charged  properly. 

Second — The  battery  must  not  be  overdischarged. 

Third — Short  circuits  between  the  plates  or  from  sediment 
under  them,  must  be  prevented. 

Fourth — The  plates  must  be  kept  covered  with  electrolyte  and 
only  water  of  the  proper  purity  used  for  replacing  evaporation. 

In  the  event  of  electrical  trouble  which  may  be  ascribed  to 
weak  source  of  current,  first  test  the  battery,  using  a  low  reading 
voltmeter.  Small  pocket  voltmeters  can  be  purchased  for  a  few 
dollars  and  will  be  found  a  great  convenience.  .  Cells  may  be 
tested  individually  and  as  a  battery.  The  proper  time  to  take 
a  reading  of  a  storage  battery  is  immediately  upon  stopping  or 
while  the  engine  is  running.  A  more  definite  determination  can 
be  made  than  after  the  battery  has  been  idle  for  a  few  hours  and 
has  recuperated  more  or  less.  A  single  cell  should  register  more 
than  two  volts  when  fully  charged,  and  the  approximate  energy 
of  a  three-cell  battery  should  be  about  6.5  volts.  If  the  voltage 
is  below  6  volts  the  batteries  should  be  recharged  and  the  specific 
gravity  of  the  electrolyte  brought  up  to  the  required  point.  If 
the  liquid  is  very  low  in  the  cell  new  electrolyte  should  be  added. 
To  make  this  fluid  add  about  one  part  of  chemically  pure  sul- 
phuric acid  to  about  four  parts  of  distilled  water,  and  add  more 
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water  or  acid  to  obtain  the  required  specific  gravity,  which  is 
determined  by  a  hydrometer.  According  to  some  authorities  the 
hydrometer  test  should  show  the  specific  gravity  of  the  electrolyte 
as  about  1.208  or  25  degrees  Baum6  when  first  prepared  for  in- 
troduction in  the  cell,  and  about  1.306  or  34  degrees  Baume  when 
the  cell  is  charged. 

The  appended  conversion  formula  and  table  of  equivalents 
will  be  found  of  value  in  changing  the  reading  of  a  hydrometer, 
or  acidometer,  from  terms  of  specific  gravity  to  the  Baume  scale, 
or  vice  versa. 
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The  following  table  gives  the  corresponding  specific  gravities 
and  Baume  degrees: 


Baum^ 

Specific  Gravity 

Bauin4 

Specific  Gravity 

0 

1.000 

18 

1.141 

1 

1.006 

19 

1.150 

2 

1.014 

20 

1.160 

3 

1.021 

21 

1.169 

4 

1.028 

22 

1.178 

5 

1.035 

23 

1.188 

6 

1.043 

24 

1.198 

7 

1.050 

25 

1.208 

8 

1.058 

26 

1.218 

9 

1.066 

27 

1.228 

10 

1.074 

28 

1.239 

11 

1.082 

29 

1.250  - 

12 

1.090 

30 

1.260 

13 

1.098 

31 

1.271 

14 

1.106 

32 

1.283 

15 

1.115 

33 

1.294 

16 

1.124 

34 

1.306 

17 

1.132 

35 

1.318 

Either  voltage  or  gravity  readings  alone  could  be  used,  but 
as  both  have  advantages  in  certain  cases,  and  disadvantages  in 
others,  it  is  advisable  to  use  each  for  the  purpose  for  which  it 


1^ 
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is  best  fitted,  the  one  serving  as  a  cheek  on  the  other.  Voltage 
has  the  great  disadvantage  in  that  it  is  dependent  upon  the  rate 
of  current  flowing.  Open  circuit  readings  are  of  no  value,  as  a 
cell  reads  almost  the  same  discharged  as  it  does  charged.  On  the 
other  hand,  a  voltmeter  is  a  very  easy  instrument  to  read  and 
may  be  located  wherever  desirable.  Specific  gravity  readings  are 
almost  independent  of  the  current  flowing,  but  the  hydrometer 
is  diflBcult  to  read,  not  very  sensitive  and  the  readings  must  be 
taken  directly  at  the  cells. 

Charging  the  Storage  Battery. — Great  care  should  be  used 
in  charging  and  the  charging  rates  given  by  the  various  manu- 
facturers should  be  followed  whenever  possible.  It  is  essential 
that  the  positive  wire  carrying  the  charging  current  be  connected 
with  the  positive  plates  of  the  battery.  The  positive  pole  of  a 
cell  is  usually  indicated  by  a  plus  sign  or  by  the  letter  **P.''  In 
case  of  doubt  always  ascertain  the  proper  polarity  of  the  termi- 
nals before  charging.  This  is  done  by  immersing  the  ends  in 
acidulated  water,  about  an  inch  apart.  The  one  around  which 
the  more  bubbles  collect  is  the  negative,  and  should  be  connected 
with  negative  pole  of  the  battery.  If  a  cell  is  not  connected  prop- 
erly it  will  be  ruined.  A  battery  always  should  be  charged,  if 
possible,  at  a  low  charging  rate,  because  it  will  overheat  if  ener- 
gized too  rapidly.  The  normal  temperature  is  between  70  and 
90  degrees  FahrerJieit.  "When  the  battery  is  fully  charged  the 
solution  assumes  a  milky  white  appearance  and  bubbles  of  gas  are 
seen  rising  to  the  surface  of  the  electrolyte.  All  foreign  matter 
should  be  kept  out  of  the  batteries  as  any  metallic  substance  find- 
ing its  way  into  the  cell  or  between  the  terminals  will  short  circuit 
the  cell  and  perhaps  ruin  it  before  its  presence  is  known.  The 
terminals,  the  outside  of  the  cell  and  all  connections,  should  be 
kept  free  from  acid  or  moisture.  A  neglect  of  these  essentials 
means  corrosion  and  loss  of  capacity  by  leakage.  There  is  one 
point  in  connection  with  the  charge  which  should  be  especially 
emphasized,  namely,  that  the  final  voltage  corresponding  to  a  full 
chaise  is  not  a  fixed  figure,  but  varies  widely,  depending  upon 
the  charging  rate,  the  temperature,  the  strength  of  the  electrolyte, 
and  age  of  the  battery.    For  this  reason,  charging  to  a  fixed  volt- 
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Fig.  74. — ^Appliances  for  Obarglng  and  Testing  Storage  Batteries. 

age  is  unreliable  and  likely  to  result  disastrously.  The  charge 
should  be  continued  until  the  voltage  or  gravity  ceases  rising,  no 
matter  what  actual  figures  are  reached.    Old  cells  at  high  tempera- 
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tares  may  not  go  above  2.4  volts  per  cell,  whereas  if  very  cold, 
they  have  been  known  to  run  up  to  three  volts. 

The  points  to  be  especially  emphasized  in  connection  with  the 
chaise  are: 

First — On  regular  charge  keep  the  rates  as  low  as  practical 
and  cut  ofE  the  current  promptly.     It  is  preferable  to  cut  off  a 


ng.  76. — stand  Shown  at  A  Facilitates  Filling  Cells  witb  Distilled  Water. 
Bectlflei  at  B  CliaigeB  Storage  Battery  from  Alternating  Current. 

little  too  soon  rather  than  to  run  too  long  where  there  is  any 
question. 

Second — Overcharges  must  be  given  at  stated  intervals  and 
continued  to  a  conjplete  maximum.  They  should  be  cut  off  at  the 
proper  point,  but  when  in  doubt  it  is  safer  to  run  too  long,  rather 
than  to  cut  off  too  soon. 

Third — Do  not  limit  the  charge  by  fixed  voltage. 
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Fourth — ^Keep  the  temperature  within  safe  limits. 

Fifth — Keep  naked  flames  away  from  cells  while  charging  as 
the  gas  given  off  is  inflammable.  Always  see  that  gas  vents  are 
clear  before  charging. 

The  following  table  will  undoubtedly  be  of  value  as  a  guide 
to  the  proper  charging  rates  of  batteries  of  various  ampere  hour 
capacities,  the  assumption  being  that  these  are  all  3  cell  batteries 
that  will  show  between  6.5  and  7.5  volts  when  fully  chained. 
While  most  manufacturers  of  batteries  furnish  instruction  books, 
these  may  be  lost,  so  some  compact  reference  is  needed.  The  overall 
dimensions  of  the  batteries  are  given  so  the  capacity  may  be  deter- 
mined even  if  the  marks  of  identification  on  the  name  plate  are 
obliterated 

TABLE   OF   CHARGING   RATES 
Elba  Lighting  Batteries 


Type. 

Normal 
Charging  Rates. 
Amp.  Required. 

24-Hr. 
Charg- 
ing 
Rate 

Volts 

per 

Cell  at 

End  of 

Charge 

at 

24-Hr. 

Rate 

Volts  of 
Battery 

at 
End  of 
Charge 

at 

24-Hr. 

Rate 

Size  of  Battery  Over  all 

1        n 
No. 

Start 

Finiflh 

Length 
in  in. 

Width 
in  in. 

Height 
in  m. 

of 
CeUs 

ELB— 60-90 

9 

8 

3 

2J^ 

yi 

\m 

7H 

9H 

3 

ELB— 80-120 

12 

4 

4 

2>i 

7H 

iiH 

7y2 

m 

3 

ELB— 100-150 

15 

5 

5 

2^ 

W2 

12K 

7J^ 

m 

3 

ELB— 120-180 

18 

6 

6 

2H 

m 

isVs 

7Ji 

OH 

3 

HSB— 60-90 

9 

3 

3 

2J^ 

7H 

OH 

6 

10 

3 

HSB— 80-120...... 

12 

4 

.     4 

2H 

7H 

11 

6 

io?i 

3 

HSB— 100-150 

15 

5 

5 

2J^ 

iy2 

im 

6 

lOJi 

3 

HSB— 120-180 

18 

6 

6 

2J^ 

IYt. 

15 

6 

10% 

3 

PAB— 120-180 

18 

6 

6 

2^ 

IVt. 

lOJ^ 

7H 

U}i 

3 

A  battery  may  be  charged  from  any  source  of  direct  current. 
Garages,  central  stations,  lighting  plants,  etc.,  can  do  the  work, 
and  in  many  instances  where  direct  current  is  used  for  power 
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purposes,  a  simple  charging  outfit  is  operated  from  the  dynamo. 
Where  alternating  current  only  is  available,  a  rectifier  which 
changes  alternating  current  to  direct  current  may  be  installed  and 
the  battery  charged  with  no  inconvenience  and  at  comparatively 
small  cost.  All  of  these  methods  will  be  considered  in  proper 
sequence  and  typical  charging  outfits  described. 

Remedies  for  Loss  of  Battery  Capacity. — When  a  battery 
gives  indication  of  lessened  capacity  it  should  be  taken  apart  and 
the  trouble  located.  If  the  cell  is  full  of  electrolyte  it  may  be 
of  too  low  specific  gravity.  The  plates  may  be  sulphated,  due  to 
lack  of  proper  charge  or  too  long  discharge.  The  cells  may  need 
cleaning,  a  condition  indicated  by  short  capacity  and  a  tendency 
to  overheat  when  charging.  Sometimes  a  deposit  of  sediment  on 
the  bottom  of  the  cell  will  short  circuit  the  plates.  If  the  specific 
gravity  is  low  and  the  plates  have  a  whitish  appearance,  there 
being  little  sediment  in  the  cells,  it  is  safe  to  assume  that  the 
plates  are  sulphated.  Sediment  should  be  removed  from  the  cells 
and  the  plates  rinsed  in  rain  or  distilled  water  to  remove  particles 
of  dirt  or  other  adhering  matter. 

The  rate  at  which  the  sediment  collects,  depends  largely  upon 
the  way  a  battery  is  handled  and  it  is,  therefore,  necessary  to 
determine  this  rate  for  each  individual  case.  A  cell  should  be  cut 
out  after  say  fifty  charges,  the  depth  of  sediment  measured  and 
the  rate  so  obtained,  used  to  determine  the  time  when  the  battery 
will  need  cleaning.  As  there  is  apt  to  be  some  variation  in  the 
amount  of  sediment  in  different  cells,  and  as  the  sediment  is 
thrown  down  more  rapidly  during  the  latter  part  of  a  period  than 
at  the  beginning,  it  is  alwqys  advisable  to  allow  at  least  one- 
fourth  inch  clearance.  If  the  ribs  in  the  bottom  of  the  jars  are 
1^  inches  high,  figure  on  cleaning  when  the  sediment  reaches  a 
depth  of  1J4  inches.  Before  dismantling  a  battery  for  '* washing," 
if  practical,  have  it  fully  charged.  Otherwise,  if  the  plates  are 
badly  sulphated,  they  are  likely  to  throw  down  considerable  sedi- 
ment on  the  charge  after  the  cleaning  is  completed 

There  have  been  many  complaints  of  lack  of  capacity  from 
batteries  after  washing.  Almost  without  exception  this  is  found 
to  be  due  to  lack  of  a  complete  charge  following  the  cleaning. 
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The  plates  are  frequently  in  a  sulphated  condition  when  dis- 
mantled and  in  any  case  are  exposed  to  the  air  during  the  clean- 
ing process,  and  thus  lose  more  or  less  of  their  charge.  When 
re-assembled,  they  consequently  need  a  very  complete  charge,  and 
in  some  cases  the  equivalent  of  the  initial  charge,  and  unless  this 
charge  is  given,  the  cells  will  not  show  capacity  and  will  soon 
give  trouble  again.  ThSs  charge  should  be  as  complete  as  that  de- 
scribed elsewhere  in  connection  with  the  initial  charge. 

''Flushing''  or  replacing  evaporation  in  cells  with  electrolyte 
instead  of  water,  is  a  most  common  mistake.  The  plates  of  a 
storage  battery  must  always  be  kept  covered  with  electrolyte,  but 
the  evaporation  must  be  replaced  with  pure  water  only.  There 
seems  to  be  a  more  or  less  general  tendency  to  confuse  the  elec- 
trolyte of  a  storage  battery  with  that  of  a  primary  cell.  The 
latter  becomes  weakened  as  the  cell  discharges  and  eventually  re- 
quires renewal.  With  the  storage  battery,  however,  this  is  not 
the  case,  at  least  to  anything  like  the  same  degree,  and  unless  acid 
is  actually  lost  through  slopping  or  a  broken  jar,  it  should  not 
be  necessary  to  add  anything  but  water  to  the  cells  between  clean- 
ings. Acid  goes  into  the  plates  during"  discharge,  but  with  proper 
charging  it  will  all  be  driven  out  again  so  that  there  will  be  practi- 
cally no  loss  in  the  specific  gravity  readings,  or  at  least  one  so 
slight  that  it  does  not  require  adjustment  between  cleanings. 
Thus,  unless  sonie  of  the  electrolyte  has  actually  been  lost,  if  the 
specific  gravity  readings  are  low,  it  is  an  indication  that  some- 
thing is  wrong,  but  the  trouble  is  not  that  the  readings  are  low, 
but  that  something  is  causing  them  to  be  low,  and  the  proper  thing 
to  do  is  to  remove  the  cause  and  not  try  to  cover  it  up  by  doctor- 
ing the  indicator.  The  acid  is  in  the  cells  and  if  it  does  not  show 
in  the  readings,  it  must  be  in  the  form  of  sulphate,  and  the  proper 
thing  to  do  is  to  remove  the  cause  of  the  sulphation  if  there  is 
one,  and  then  with  proper  charging,  drive  the  acid  out  of  the 
plates  and  the  specific  gravity  readings  will  then  come  back  to  the 
proper  point.  The  too-frequent  practice  in  such  cases  is  to  add 
electrolyte  to  the  cells  in  order  to  bring  up  the  readings,  .which 
as  already  explained,  are  only  the  indication  of  the  trouble,  and 
this  further  aggravates  the  condition,  until  finally  the  plates  be- 
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come  so  sulphated  that  lack  of  capacity  causes  a  complaint.  This 
practice  of  adding  electrolyte  to  cells  instead  of  water,  seems  to 
be  coming  more  and  more  common. 

//  there  is  any  doubt  about  the  polarity  of  the  plates  when  re- 
assembling  after  cleaning  it  is  well  to  note  that  the  positive  plate 
is  chocolate  in  color  and  the  negative  is  gray. 

"When  plates  are  sulphated,  to  restore  them  to  their  original 
condition  it  is  necessary  that  the  battery  be  given  a  long,  slow 
charge  at  about  a  quarter  or  a  third  of  the  normal  charging  rate. 
This  should  be  continued  until  the  electrolyte  has  reached  the 
proper  specific  gravity  and  the  voltage  has  attained  its  maximum. 

It  should  be  understood  that  sulphating  is  a  normal  as  well 
as  an  abnormal  process  in  the  charge  and  discharge  of  storage 
batteries,  and  the  difference  is  in  the  degree,  not  the  process.  The 
abnormal  condition  is  that  ordinarily  referred  to  by  the  term.  In 
normal  service  sulphating  does  not  reach  the  point  where  it  is 
difficult  to  reduce,  but  if  carried  too  far,  the  condition  becomes  so 
complete  that  it  is  difficult  to  reduce,  and  injury  results.  A  very 
crude  method  of  illustrating  the  different  degrees  of  sulphating  is 
to  consider  it  as  beginning  in  individual  particles  uniformly  dis- 
tributed throughout  the  active  material.  Each  particle  of  sulphate 
is  then  entirely  surrounded  by  active  material.  The  sulphate  itself 
is  a  non-conductor,  but  being  surrounded  by  active  material,  the 
current  can  reach  it  from  all  sides  and  it  is  easily  reduced.  This 
is  normal  sulphate.  As  the  action  goes  further  the  particles  of 
sulphate  become  larger  and  join  together  and  their  outside  con- 
ducting surface  is  greatly  reduced  in  comparison  with  their  vol- 
ume so  that  it  becomes  increasingly  difficult  to  reduce  them  and 
we  have  abnormal  sulphate. 

The  general  cure  for  sulphating  is  charging,  so  that  a  cell  hav- 
ing been  mechanically  restored,  the  electrical  restoration  consists 
simply  in  the  proper  charging.  Sulphate  reduces  slowly  and  on 
this  account  it  is  a  good  plan  to  use  a  rather  low  current  rate. 
High  rates  cause  excessive  gassing,  heating  and  do  not  hasten  the 
process  appreciably,  so  that  it  is  the  safer  as  well  as  the  more 
efficient  plan  to  go  slowly.  A  good  rate  is  about  one-fifth  normal. 
The  length  of  chaise  will  depend  upon  the  degree  of  sulphating. 
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In  one  actual  case  it  required  three  months'  charging  night  and 
day  to  complete  the  operation,  but  this  was,  of  course,  an  excep- 
tional one.  The  aim  should  be  to  continue'  until  careful  voltage 
and  gravity  readings  show  no  further  increase  for  at  least  ten 
hours  and  an  absolute  maximum  has  been  reached.  In  serious 
cases  it  may  be  advisable  to  even  exceed  this  time  in  order  to 
make  absolutely  sure  that  all  sulphate  is  reduced,  and  where  there 
is  any  question  it  is  much  safer  to  charge  too  long,  rather  than  to 
risk  cutting  oflf  too  soon.  A  partial  charge  is  only  a  temporary 
expedient,  the  cell  still  being  sulphated  wiU  drop  behind  again. 

Battery  Charging  Apparatus. — The  apparatus  to  be  used  in 
charging  a  storage  battery  depends  upon  the  voltage  and  character 
of  the  current  available  for  that  purpose.  Where  direct  current 
can  be  obtained  the  apparatus  needed  is  very  simple,  consisting 
merely  of  some  form  of  resistance  device  to  regulate  the  amperage 
of  the  current  allowed  to  flow  through  the  battery.  The  internal 
resistance  of  a  storage  battery  is  very  low  and  if  it  were  coupled 
directly  into  a  circuit  without  the  interposition  of  additional  re- 
sistance an  excessive  amount  of  current  would  flow  through  the 
battery  and  injure  the  plates.  When  an  alternating  current  is 
used  it  is  necessary  to  change  this  to  a  uni-directional  flow  before 
it  can  be  passed  through  the  battery.  Alternating  current  is  that 
which  flows  flrst  in  one  direction  and  immediately  afterward  in 
the  reverse  direction.  When  used  in  charging  storage  batteries 
some  form  of  rectifier  is  essential.  The  rectifier  may  be  a  simple 
form  as  shown  at  Fig.  74,  A,  which  is  intended  to  be  coupled  di- 
rectly into  a  lighting  circuit  by  screwing  the  plug  attached  to  the 
flexible  cord  in  the  lamp  socket.  A  rotary  converter  set  such  as 
shown  at  B,  may  also  be  used,  in  this  the  alternating  current  is 
depended  on  to  run  an  electric  motor  which  drives  the  armature 
of  a  direct  current  dynamo.  The  current  to  charge  the  battery 
is  taken  from  the  dynamo,  as  it  is  suitable  for  the  purpose,  whereas 
that  flowing  through  the  motor  cannot  be  used  directly. 

The  view  at  Fig.  74,  C,  shows  a  usual  form  of  hydrometer- 
syringe  which  is  introduced  into  the  vent  hole  of  the  storage  bat- 
tery such  as  shown  at  E  and  enough  electrolyte  drawn  out  of  the 
cell  to  determine  its  specific  gravity.  This  is  shown  on  the  hydrom- 
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eter  scale  as  indicated  in  the  enlarged  section  at  D.  A  very 
useful  appliance  where  considerable  storage  battery  work  is  done 
is  shown  at  Fig.  75,  A.  This  is  a  stand  of  simple  form  designed 
to  carry  a  carboy  containing  either  acid,  distilled  water,  or  elec- 
trolyte. In  fact,  it  might  be  desirable  to  have  three  of  these  stands, 
which  are  inexpensive,  one  for  each  of  the  liquids  mentioned.  In 
many  repair  shops  the  replenishing  of  storage  batteries  is  done  in 
a  wasteful  manner  as  the  liquid  is  carried  around  in  a  bottle  or 
old  water  pitcher  and  poured  from  that  container  into  the  battery, 
often  without  the  use  of  a  funnel.  The  chances  of  spilling  are,  of 
course,  greater  than  if  the  liquids  were  carefully  handled  and  more 
time  than  necessary  is  consumed  in  doing  the  work.  The  stand  shown 
is  about  5  feet  high  and  is  fitted  with  castors  so  it  may  be  easily 
moved  about  the  shop  if  necessary.  For  example,  in  taking  care 
of  electric  vehicle  batteries  it  may  be  easier  to  move  the  carboy 
to  the  battery  than  to  remove  the  heavy  battery  from  the  auto- 
mobile. The  container  for  the  liquid  is  placed  on  top  of  the  stand 
and  the  liquid  is  conveyed  from  it  by  a  rubber  tube.  The  rubber 
tube  is  attached  to  a  glass  tube  extending  down  nearly  to  the 
bottom  of  the  liquid.  At  the  bottom  of  the  rubber  tube  an  ordi- 
nary chemist's  clip  which  controls  the  flow  of  liquid  is  placed.  In 
order  to  start  a  flow  of  liquid  it  is  necessary  to  blow  into  a  bent 
glass  vent  tube  which  is  also  inserted  into  the  stopper.  Once  the 
rubber  tube  has  become  filled  with  liquid  merely  opening  the  clip 
will  allow  the  liquid  to  flow  into  the  battery  as  desired. 

In  most  communities  the  incandescent  lighting  circuit  is  used 
for  charging  batteries  on  account  of  the  voltage  of  the  power 
circuits  being  too  high.  The  incandescent  lighting  circuit  may  be 
any  one  of  six  forms.  A  direct  current  of  either  110  or  220  volts 
used  over  short  distances,  either  220  or  440  volts  on  three  wire 
circuits  over  long  distances,  alternating  current  at  a  constant 
potential,  usually  110  volts  and  in  various  polyphase  systems.  It 
might  be  stated  that  in  the  majority  of  instances  house  and  garage 
lighting  circuits  furnish  direct  current  of  110  volts.  We  will  con- 
sider the  devices  used  with  the  alternating  form,  one  of  which  is 
shown  at  Fig.  75,  B.  This  is  known  as  the  RoUinson  electrolytic 
rectifier  which  is  based  upon  the  following  principles :   When  an 
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element  of  alnminuin  and  a  corresponding  element  or  plate  of  iron 
are  submerged  in  a  solution  of  certain  salts,  using  these  elements 
as  negative  and  positive  terminals,  respectively,  the  passage  of  an 
electric  current  through  the  solution  produces  a  chemical  action 
which  forms  hydroxide  of  aluminum.  A  film  of  hydroxide  thus 
formed  on  the  aluminum  element  repels  the  current.  The  arrange- 
ment of  the  cell  will  then  permit  current  to  pass  through  it  in  one 
direction  only,  the  film  of  chemical  preventing  it  from  passing  in 
the  opposite  direction.  The  result  is  that  if  an  alternating  cur- 
rent is  supplied  to  the  cell  a  direct  pulsating  current  can  be  ob- 
tained  from  it.  The  outfits  usually  include  a  transformer  for 
reducing  the  line  voltage  to  the  lower  voltages  needed  for  battery 
charging  purposes.  Regulation  of  the  current  is  effected  in  the 
simplest  type  by  immersing  the  elements  more  or  less  in  the  solu- 
tion in  the  jar.  As  complete  instructions  are  furnished  by  the 
manufacturers  it  will  not  be  necessary  to  consider  this  form  of 
rectifier  in  detail. 

One  of  the  most  commonly  used  rectifying  means  is  the  mercury 
arc  bulb.  This  device  is  a  large  glass  tube  of  peculiar  shape,  as 
shown  at  Figs.  76  and  77,  which  contains  in  the  base  a  quantity  of 
mercury.  On  either  side  of  this  lower  portion  two  arms  of  the  glass 
bulbs  extend  outwardly,  these  being  formed  at  their  extremities 
into  graphite  terminals  or  anodes  indicated  as  A  and  A-1,  Fig.  77. 
The  current  from  the  auto  transformer  is  then  attached  one  to  each 
side.  The  base  forms  the  cathode  or  mercury  terminal  for  the 
negative  wires.  The  theory  of  this  action  is  somewhat  complicated, 
but  may  be  explained  simply  without  going  too  much  into  detail. 
The  interior  of  the  tube  is  in  a  condition  of  partial  vacuum  and 
while  the  mercury  is  in  ^  state  of  excitation  a  vapor  is  supplied. 
This  condition  can  be  kept  up  only  as  long  as  there  is  a  current 
flowing  toward  the  negative.  If  the  direction  of  the  current  be 
reversed  so  that  the  formerly  negative  pole  becomes  a  positive  the 
current  ceases  to  flow,  as  in  order  to  pass  in  the  opposite  direc- 
tion it  would  require  the  formation  of  a  new  cathode  element. 
Therefore  the  flow  is  always  toward  one  electrode  which  is  kept 
excited  by  it.  A  tube  of  this  nature  would  cease  to  operate  on 
alternating  current  voltage  after  half  a  cycle  if  some  means  were 
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Fig.  76. — ^MercuTf  Bectlfler  Bulbs  sud  Methods  of  Wiring'  ta  Charge 
Storage  Batteiy  from  Altetnatiiig  Current  Main. 

not  provided  to  maintain  a  flow  continuously  toward  the  negative 
electrode.  In  the  General  Electric  rectifier  tube  there  are  two 
anodes  and  one  cathode.  Each  of  the  former  is  connected  te  a 
separate  side  of  the  alternating  current  supply  and  also  through 
reactances  to  one  side  of  the  load  and  the  cathode  to  the  other. 
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As  the  current  alternates,  first  one  anode  and  then  the  other  be- 
comes positive  and  there  is  a  continuous  flow  toward  the  mercury 
cathode  thence  through  the  load  (in  this  case  the  battery  to  be 
charged)  and  back  to  the  opposite  side  of  the  supply  through  a 
reactance.    At  each  reversal  the  latter  discharges,  thus  maintaining 
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Fig.  77. — Simplified  Wiring  Diagram,  Showing  Method  of  Using  Bectifler 

Bulb. 

the  arc  until  the  voltage  reaches  the  value  required  to  maintain 
the  current  against  the  counter  E.  M.  F.  and  also  reducing  the 
fluctuations  in  the  direct  current.  In  this  way,  a  true  continuous 
flow  is  obtained  with  very  small  loss  in  transformation. 

A  small  electrode  connected  to  one  side  of  the  alternating  cir- 
cuit is  used  for  starting  the  arc.    A  slight  tilting  of  the  tube  makes 
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a  mercury  bridge  between  the  terminal  and  draws  an  arc  as  soon 
as  the  tube  is  turned  to  a  vertical  position.  The  ordinary  form 
used  for  vehicle  batteries  has  a  maximum  current  capacity  of  30 
amperes  for  charging  the  lead  plate  type  and  a  larger  form  in- 
tended for  use  with  Edison  batteries  yields  up  to  a  limit  of  50 
amperes.  Those  for  charging  ignition  batteries  will  pass  5  am- 
peres for  one  to  charge  six  cells  and  a  larger  one  that  will  pass 
10  amperes  for  from  three  to  ten  batteries.  As  is  true  of  the  electro- 
lytic rectifier  complete  instructions  are  furnished  by  the  manu- 
facturer for  their  use. 

The  Wagner  device,  which  is  shown  at  Fig.  74,^  A,  operates 
on  a  new  principle  and  comprises  a  small  two  coil  transformer  to 
reduce  the  line  voltage  to  a  low  figure;  the  rectifier  proper  which 
consists  of  a  vibrating  armature  in  connection  with  an  electro 
magnet  and  a  resistance  to  limit  the  flow  of  the  charging  current. 
A  meter  is  included  as  an  integral  part  of  the  set  for  measuring 
the  current  flow.  All  sets  are  sold  for  use  with  ignition  or  light- 
ing batteries  of  low  voltage  with  a  lamp  socket  plug  and  attach- 
ing cord,  the  idea  being  to  utilize  an  ordinary  lighting  circuit  of 
110  volts  A.  C.  The  magnet  and  vibrating  armature  accomplish 
the  rectification  of  the  current  with  little  loss,  the  action  after 
connection  to  the  battery  which  is  to  be  charged  proceeding  auto- 
matically. By  a  simple  device,  the  current  stoppage  throws  the 
main  contacts  open  so  the  partially  charged  battery  cannot  be 
rapidly  discharged.  While  the  rectifiers  are  constructed  to  use 
60  cycle,  110  volt  alternating  current  they  will  work  at  all  fre- 
quencies from  57  to  63.  The  size  made  will  pass  three  to  five 
amperes,  the  voltage  being  sufficient  to  recharge  a  three  cell  battery. 

When  batteries  are  to  be  charged  from  a  direct  current  it  is 
possible  to  use  a  rheostat  to  regulate  the  voltage  at  the  terminals. 
The  construction  of  a  rheostat  is  very  simple  as  it  consists  only 
of  a  group  of  high  resistance  coils  of  wire  mounted  in  insulating 
material  and  having  suitable  connections  with  segments  on  the 
base  plate  upon  which  is  mounted  the  operating  arm  that  makes 
the  contact.  According  to  the  manner  in  which  these  are  made 
and  wired  a  large  resistance  is  introduced  at  first,  gradually  de- 
creasing as  the  lever  is  moved  over  or  it  may  operate  in  the  re- 
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verse  fashion,  a  large  amount  of  current  being  allowed  to  pass 
at  the  first  contact  and  less  as  the  handle  progresses  across  the 
path.  Rheostats  should  only  be  purchased  after  consulting  a  ca- 
pable electrician  as  the  required  resistance  must  be  figured  out 
from  the  voltage  of  the  circuit  to  be  used,  the  maximum  battery 
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Fig.  78. — ^How  to  Charge  Storage  Battery  by  Direct  Current  Through 

Simple  Lamp  Bank  Besistance. 


current,  the  charging  rate  in  amperes  and  the  number  of  cells  to 
be  charged  at  one  time. 

By  far  the  simplest  method  of  charging  storage  batteries  is 
by  interposing  a  lamp  bank  resistance  instead  of  the  rheostat. 
These  are  easily  made  by  any  garage  mechanic  and  are  very  satis- 
factory for  charging  ignition  or  lighting  batteries.  Standard  car- 
bon lamps  of  the  voltage  of  the  circuit  shown  should  be  used  and 
the  amperes  needed  for  charging  can  be  controlled  by  varying  the 
candle  power  aijd  the  number  of  lamps  used.  If  the  lamps  are  to 
operate  on  110  volt  circuit,  a  16  candle  power  carbon  filament 
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lamp  will-  permit  one-half  ampere  to  pass ;  a  32  candle  power  will 
allow  1  ampere  to  pass.  If  it  is  desired,  therefore,  to  pass  three  am- 
peres through  the  battery,  one  could  use  3-32  candle  power  lamps, 
or  6-16  candle  power  lamps.  If  the  lamps  are  to  burn  on  220  volts 
it  should  be  remembered  that  when  the  voltage  is  doubled  the 
amperage  is  cut  in  half,  therefore  the  32  candle  power,  220  volt 
carbon  filament  bulbs  will  only  pass  half  an  ampere.  The  method 
of  wiring  is  very  simple  as  may  be  readily  ascertained  by  re- 
ferring to  Fig.  78.  The  line  wires  are  attached  to  a  fuse  block 
and  then  to  a  double  knife  switch.  The  switch  and  fuse  block 
are  usually  mounted  on  a  panel  of  insulating  material  sueh  as 
slate  or  marble.  One  of  the  wires,  the  positive  of  the  circuit,  runs 
from  the  switch  directly  to  the  positive  terminal  of  the  storage 
battery.  The  negative  wire  from  the  switch  passes  to  the  lamp 
bank  resistance.  The  lamps  are  placed  in  parallel  connection  with 
respect  to  each  other  but  in  series  connection  in  respect  to  the 
battery.  When  coupled  in  this  manner  the  current  must  overcome 
the  combined  resistance  of  the  storage  battery  which  is  very  low 
and  that  of  the  lamps.  This  prevents  the  battery  being  charged 
with  current  of  too  high  voltage. 

A  complete  commercial  installation  which  has  been  used  suc- 
cessfully with  a  direct  current  of  110  volts  pressure  and  which 
has  a  capacity  for  charging  30-6  volt  batteries  simultaneously  is 
composed  of  two  charging  sets  either  of  which  may  be  employed 
independently  or  both  may  be  used  at  the  same  time.  The  method 
of  wiring  is  clearly  shown  at  Fig.  79.  In  this  a  three  wire  system 
is  employed  for  lighting.  This  consists  of  one  positive  wire  and 
two  negative  conductors,  forming  in  reality  two  separate  circuits 
so  that  one  half  of  the  installation  is  on  one  wire,  while  the  re- 
mainder is  on  the  other  two.  An  upper  branch  is  used  merely 
for  illumination.  On  either  half  of  the  three  wire  double  circuit 
is  placed  a  bank  of  lamps,  these  being  in  series  with  the  batteries 
but  the  lamps  are  in  multiple  with  each  other.  The  board  at  the 
left  has  9  sockets,  that  at  the  right  12  sockets.  The  number  of 
lamps  placed  in  these  and  their  candle  power  regulate  the  amount 
of  current  in  amperes  that  will  pass  through  the  battery.  As  we 
have  seen,  battery  manufacturers  advise  that  certain  minimum  and 
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maximum  charging  rates  be  used.  Assuming  that  the  maximum 
is  3  amperes,  to  pass  a  current  of  this  value  through  the  battery, 
it  wiU  be  necessary  to  screw  in  6-16  candle  power  lamps  which  will 
average  55  watts  each,  which  means  that  at  a  pressure  of  110  volts 
they  require  a  current  strength  of  half  ampere.  If  fitted  with  16 
candle  power  lamps  the  12  socket  lamp  bank  will  pass  6  amperes, 
and  double  this  amount  with  lamps  of  twice  the  candle  power. 
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Fig.  79. — ^Lamp  Bank  Besistance  for  Charging  a  Number  of  Storage 

Batteries  Simultaneously. 

The  meter  installation  shown  between  the  charging  boards  is  to 
determine  the  amount  of  current  passing  through  the  storage  bat- 
tery and  as  it  is  a  low  reading  instrument,  a  low  resistance  shunt 
is  interposed  so  that  any  overload  will  pass  over  the  shunt  instead 
of  through  the  instrument  which  is  calibrated  to  measure  currents 
up  to  30  amperes.  With  the  small  single  blade  knife  switches  in 
circuit  the  current  will  not  pass  through  the  instrument,  as  it  is 
not  advisable  to  include  this  in  the  circuit  permanently,  because 
the  passage  of  current  through  the  windings  may  result  in  in- 
jurious heating.    To  get  a  reading  from  either  side  the  single  blade 
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switch  is  thrown  off  and  the  double  throw  male  member  of  switch 
is  placed  in  contact  between  the  blades  on  the  side  of  which  a 

reading  is  to  be  taken,        

It  will  be  seen  that  the 
wires  are  cr rased  at 
the  right  of  the  two- 
way  switch  to  cause 
the  current  to  flow 
through  the  instru- 
ment in  the  right  di- 
rection and  also  to 
have  the  negative  ter- 
minal of  each  charging 
board  at  the  left.  This 
eliminates  any  con- 
fusion  and  the  ter- 
minals are  plainly 
marked  so  it  is  not 
possible  \a  make  a  mis- 
take when  coupling 
batteries.  When  more 
than  one  battery  or 
set  of  cells  is  being 
charged  they  are 
wired  in  series,  the 
negative  terminal  of 
one  battery  being 
coupled  to  the  positive 
terminal  of  the  neigh- 
boring one.  In  con- 
necting a  battery  to 
the  charging  board  the 
negative  wire  should  always  be  coupled  to  the  negative  terminal  of 
the  battery  and  the  positive  wire  to  the  correspoodiog  battery 
terminal. 

Features  of  the  Edison  Cell. — The  instructions  given  apply 
only  to  batteries  of  the  lead  plate  type  and  not  to  the  Edison  bat- 


Fig,  so. — Sectional  View  of  EdlEOn 
Alkaline  Storage  Battery  Cell. 
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tery,  which  \s  entirely  different  in  construction.  The  Edison  cell, 
shown  in  section  at  Fig.  80,  uses  an  electrolyte  consisting  of  21% 
solution  of  potash  in  distilled  water  so  that  the  electrolyte  is  alka- 
line instead  of  acidulous.  The  positive  plates  consist  of  a  series 
of  perforated  steel  tubes  which  are  heavily  nickel-plated  and 
which  are  filled  with  alternate  layers  of  nickel  hydroxide  and  pure 
metallic  nickel  in  very  thin  plates.  The  tube  is  drawn  from  a 
perforated  ribbon  of  steel,  nickel-plated  and  has  a  spiral  lapped 
seam.  After  being  filled  with  active  material  it  is  reenforeed  with 
eight  steel  bands  which  prevent  the  tube  expanding  away  from  and 
breaking  contact  with  its  contents.  The  negative  plate  consists  of 
a  grid  of  cold  rolled  steel,  also  heavily  nickel-plated,  holding  a 
number  of  rectangular  pockets  filled  with  powdered  iron  oxide. 
These  pockets  are  also  made  up  of  finely  perforated  steel,  nickel- 
plated.  After  the  pockets  are  filled  they  are  inserted  in  the  grid 
and  subjected  to  considerable  pressure  between  dies  which  corru- 
gate the  surfaces  of  the  pockets  and  forces  them  into  positive  con- 
tact with  the  grids.  These  elements  are  housed  in  a  jar  or  con- 
tainer made  from  cold  rolled  steel  which  is  thoroughly  welded  at 
the  seams  and  heavily  nickel-plated.  The  plates  are  assembled  in 
positive  and  negative  groups  by  means  of  threaded  steel  rods  pass- 
ing through  holes  in  one  corner  of  the  plates  and  insulating 
washers.  The  terminal  post  is  secured  to  the  middle  of  the  rod. 
The  complete  element  or  plate  assembly  stands  on  hard  rubber 
bridges  on  the  bottom  of  the  can  as  at  Fig.  81  and  is  kept  out  of 
contact  with  the  sides  of  the  container  by  hard  rubber  spacers  at- 
tached to  the  end.  The  can  cover  is  also  of  sheet  steel  and  contains 
fittings  through  which  the  electrodes  pass,  these  being  insulated 
from  the  cover  by  bushings  of  insulating  material.  A  combined 
filling  aperture  and  vent  plug  is  secured  to  the  center  of  the  cover 
plate.  For  6  volt  ignition  and  lighting  service  it  is  necessary  to 
use  5  cells  owing  to  the  lesser  voltage  of  the  Edison  batteries. 
The  average  voltage  during  discharge  is  but  1.2  volts  per  cell  and 
is  not  as  constant  as  is  the  case  with  a  lead  battery,  the  voltage  of 
which  may  be  as  high  as  2.5  volts  per  cell. 

An  Edison  6.5  volt  battery  (Fig.  81)  used  for  lighting  or  igni- 
tion may  be  charged  completely  in  ten  hours.    A  feature  of  the 
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Flfr  81.— Plate  Conatxnctlon  of  Edison  Cdl  and  Uetliod  of  Oiouplng 
CbUs  to  Poim  Llglit^lng  or  Ignition  Battei7. 
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Edison  battery  is  that  overcharging  at  the  normal  rate  has  no 
harmful  effects  and  it  is  advised  by  the  maker  to  give  the  battery  a 
12  hour  charge  once  every  60  days  or  when  the  electrolyte  is  re- 
plenished. The  electrolyte  must  be  kept  sufficiently  high  so  as  to 
cover  the  plates  and  any  loss  by  evaporation  must  be  compensated 
for  by  the  addition  of  distilled  water.  Another  feature  in  which 
the  Edison  battery  is  superior  to  the  lead  plate  type  is  that  the 
plates  will  not.be  injured  if  the  cells  are  allowed  to  stand  in  a  dis- 
charged condition.  The  external  portions  of  the  cells  must  be 
kept  clean  and  dry  because  the  container  or  can  is  made  of  a  con- 
ducting material.  The  vent  caps  must  be  kept  closed  except  when 
replacing  electrolyte  or  bringing  the  level  up  to  the  proper  height 
by  adding  distilled  water.  Care  should  be  taken  to  avoid  short 
circuiting  of  the  battery  by  tools  or  metal  objects  and  special  em- 
phasis is  laid  on  the  precaution  that  no  acid  or  electrolyte  con- 
taining acid  be  poured  into  the  cells.  It  is  said  that  the  Edison 
battery  has  a  longer  life  than  the  lead  plate  type  of  equal  capacity. 
While  eminently  suited  for  ignition  and  lighting,  also  for  vehicle 
work,  it  is  not  as  well  adapted  for  starting  purposes  as  the  lead 
plate  battery  is. 

Winter  Care  of  Storage  Batteries. — It  would  not  do  simply 
to  leave  the  battery  in  the  car  for  a  period  of,  say,  4  or  5  months 
without  giving  it  any  care  or  attention,  for  in  that  case  at  the 
end  of  that  time  it  would  be  found  to  have  its  plates  so  thickly 
covered  with  lead  sulphate  as  to  make  it  practically  useless.  For 
storage  batteries**  to  rest  is  to  rust''  and  become  ruined,  unless 
special  precautions  are  taken.  Automobile  storage  batteries  are 
all  or  nearly  all  of  the  sealed-in  type  from  which  the  elements 
cannot  be  removed  without  a  great  deal  of  trouble.  Therefore, 
the  only  method  of  keeping  the  plates  intact  consists  in  charging 
the  battery  at  intervals  of  about  two  weeks.  The  following  ad- 
vice concerning  the  care  of  batteries  during  a  protracted  period 
of  idleness  of  the  car  is  due  to  the  Willard  Storage  Battery  Co., 
and  refers  especially  to  the  batteries  of  starting  and  lighting 
systems. 

At  intervals  of  2  weeks  the  engine  should  be  run  until  the 
electrolyte  shows  a  specific  gravity  of  1.280.    If  this  is  done  regu- 
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larly  the  engine  need  be  run  only  about  an  hour  each  time.  But 
if  the  owner  should  not  be  in  possession  of  an  hydrometer,  it  is 
better  to  run  the  engine  for  2  or  3  hours  each  time,  for  the  sake 
of  safety.  To  charge  the  battery  properly  the  engine  should  be 
run  at  a  speed  corresponding  to  a  car  speed  of  about  20  mph  on 
the  direct  drive.  There  may  be  cases,  however,  where  the  owner 
is  compelled  to  store  his  car  in  a  space  where  it  is  practically  im- 
possible to  run  the  engine.  Where  this  is  the  case,  it  is  recom- 
mended, if  electric  current  is  available,  that  the  owner  purchase 
a  rectifier  or  small  charging  machine.  A  charge  over  night,  or 
for  about  12  hours,  every  2  weeks  with  this  apparatus  will  be 
sufficient  to  keep  the  battery  in  a  healthy  condition.  Before  be- 
ginning the  charging  the  battery  should  be  inspected  to  see  if  it  is 
filled  with  solution.  If  the  solution  needs  replenishing,  distilled 
water  should  be  added  until  the  solution  fully  covers  the  plates, 
which  may  be  determined  by  removing  the  vent  plugs  and  looking 
down  into  the  cells.  In  case  it  is  impossible  to  run  the  engine  for 
charging  and  the  owner  does  not  care  to  incur  the  expense  of 
purchasing  a  rectifier,  he  should  remove  the  battery  from  the  car 
and  arrange  for  its  storage  at  a  garage  which  has  charging  facili- 
ties, stipulating  that  it  must  be  charged  every  2  weeks.  The  cost 
of  having  it  so  cared  for  will  be  nominal  and  will  prove  excellent 
insurance  against  deterioration. 

To  care  for  storage  batteries  of  a  type  that  is  easily  taken  apart 
the  following  method  is  recommended:  First  charge  the  battery 
until  every  cell  is  in  a  state  of  complete  charge.  If  there  should 
be  any  short  circuited  cells  they  should  be  put  into  condition  be- 
fore the  charge  is  commenced,  so  that  they  will  receive  the  full 
benefit  of  the  charge.  Then  remove  the  elements  from  the  jars, 
separating  the  positive  from  the  negative  groups,  and  place  in 
water  for  about  1  hour  to  dissolve  out  any  electrolyte  adhering  to 
the  plates.  Then  withdraw  the  groups  and  allow  them  to  drain 
and  dry.  The  positives  when  dry  are  ready  to  be  put  away.  If 
the  negatives  in  drying  become  hot  enough  to  steam,  they  should 
be  rinsed  or  sprinkled  again  with  clean  water  and  then  allowed 
to  dry  thoroughly.  When  dry,  the  negatives  should  be  replaced 
in  the  electrolyte  (of  from  1.275  to  1.300  specific  gravity),  care 
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being  taken  to  immerse  them  completely  and  allow  them  to  soak  for 
3  or  4  hours.  Two  groups  may  be  placed  in  a  jar  and  the  jar 
filled  with  electrolyte.  After  rinsing  and  drying  the  plates  are 
ready  to  be  put  away. 

The  rubber  separators  should  be  rinsed  in  water.  Wood  sepa- 
rators after  having  been  in  service,  will  not  stand  much  handling 
and  had  better  be  thrown  away.  If  it  is  thought  worth  while  to 
keep  them  they  must  be  immersed  in  water  or  weak  electrolyte, 
and  in  reassembling  the  electrolyte  must  be  put  into  the  cells  im- 
mediately, as  wet  wood  separators  must  not  stand  exposed  to  the 
air  for  any  unnecessary^  moment,  especially  when  in  contact  with 
plates.  Storage  batteries  always  should  be  stored  in  a  dry  place, 
preferably  in  one  where  the  temperature  will  never  fall  below  40° 
Pahr.  Storage  battery  solution  or  electrolyte  varies  greatly  in 
density  between  the  points  of  complete  charge  and  complete  dis- 
charge. When  completely  discharged  the  electrolyte  of  the  aver- 
age battery  has  a  specific  gravity  of  1.14,  and  a  sulphuric  acid' 
solution  of  1.14  specific  gravity  has  a  freezing  point  of  about  10° 
Fahr.  Therefore,  if  a  completely  discharged  battery  is  allowed  to 
stand  where  it  is  exposed  to  extremely  low  temperature  it  is  quite 
possible  for  the  electrolyte  to  freeze  and  the  cells  to  be  injured  in ' 
consequence.  However,  as  already  pointed  out,  a  battery  for  other 
reasons  must  not  be  allowed  to  stand  in  the  discharged  condition 
for  any  length  of  time.  With  increasing  charge  the  density  of  the 
electrolyte  increases  until,  when  the  charge  is  complete,  it  attains 
1.28  specific  gravity.  The  freezing  temperature  of  the  solution 
drops  very  quickly  as  the  specific  gravity  increases,  somewhat  as 
follows : 

Spec.  Grav.  Freez.  Point  Degrees 

1.14    +10 

1.16    -f  5 

1.175    —  4 

1.20    —16 

1.225    —36 

1.25    —60 

1.28 —85 
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Consequently  there  is  no  possibility  of  a  storage  battery  being 
injured  by  freezing  in  this  latitude  if  it  is  kept  in  a  fair  state  of 
charge. 

Spark  Plug  Faults. — The  part  of  the  ignition  system  that  is  apt 
to  give  the  most' trouble,  and  for  the  most  part  through  no  fault 
of  its  own,  is  the  spark  plug  which  is  placed  in  the  combustion 
chamber  in  order  to  permit  a  spark  to  take  place  between  the 
electrodes  whenever  it  is  necessary  to  explode  a  charge  of  gas. 

Spark  plug  troubles  are  not  hard  to  locate,  as  they  may  be 
readily  determined  on  inspection.  If  an  engine  misses  fire,  i.e., 
runs  irregularly,  it  is  necessary  to  locate  the  spark  plug  at  fault 
in  order  to  remove  it  for  inspection  or  cleaning.  The  common 
method  qf  doing  this  is  to  short  circuit  the  spark  plug  terminal 
with  some  metallic  portion  of  the  engine  by  using  a  w^od  handle 
screw  driver,  as  shown  at  Fig.  82,  A.  Each  plug  is  tried  in  turn, 
and  when  a  good  one  is  short  circuited  the  engine  will  run  even 
slower  than  before.  If  a  plug  is  short  circuited  and  the  engine 
does  not  run  any  slower  or  work  differently,  one  may  assume  that 
the  plug  is  defective  or  that  the  cylinder  is  not  firing  for  some 
other  reason.  A  very  simple  spark  plug  tester  which  can  be  made 
by  any  repairman  for  use  on  cars  employing  magneto  ignition  or 
high-tension  battery-distributor  ignition,  is  shown  at  Fig.  82,  B. 
This  consists  of  two  strips  of  brass  riveted  together  at  one  end  and 
fitted  into  a  fiber  or  hard  rubber  handle.  .The  brass  strips  aire 
spread  apart  so  that  contact  may  be  made  between  the  plug  body 
and  insulated  central  terminal  of  practically  any  size  plug.  When 
a  four-cylinder  or  six-cylinder  engine  uses  individual  spark  coils 
for  ignition,  it  is  possible  to  detect  the  missing  cylinder  by  holding 
down  the  coil  vibrators  with  the  fingers,  leaving  the  engine  to  run 
on  one  of  the  coil  units  or  one  cylinder  as  the  others  are  cut  out. 
Each  coil- unit  is  tried  in  turn,  and  when  all  others  are  rendered 
inoperative  except  ^  the  defective  one  or  the  coil  leading  to  the 
defective  spark  plug^  the  engine  will  stop.  The  wire  leading  from 
the  spark  coil  is  traced  to  the  spark  plug,  and  that  member  re- 
moved for  examination.  The  common  trouble  is  a  deposit  of  burnt 
oil  or  carbon  around  the  insulator  and  between  the  'plug  points. 
This  short  circuits  the  current  as  it  provides  an  easier  path  for 
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FIfr  82. — allowing  Metliods  of  TmtfiiK  Spaik  Plug  Mid  A4Jnatliig  Air 
Gap  Between  tlie  ElectrodeB, 


the  passage  of  electricity  than  the  air  gap  does.  If  the  points 
are  too  close  together  the  plug  will  become  short  circuited  very 
quickly  and  ignition  is  apt  to  be  erratic  because  the  spark  does 
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not  have  sufficient  heat  to  ignite  the  mixture.  If  the  spark  points 
are  too  far  apart  the  resistance  is  apt  to  be  too  great  for  the 
current  to  jump  the  air  gap.  The  porcelain  may  crack  or  be- 
come broken,  in  which  case  the  current  is  apt  to  short  circuit  if 
the  break  is  down  in  the  plug  body.  If  a  mica  or  lava  insulator 
becomes  oil  soaked,  this  also  will  produce  short  circuit. 

Most  plugs  are  of  the  easily  separable  form,  as  shown  at  Fig. 
82,  A,  in  which  case  the  insulator  may  be  easily  removed  by 
unscrewing  the  packing  nuts  that  keep  it  seated  against  the  plug 
body.  If  the  plug  is  clean  when  examined  the  thing  to  do  is  to 
see  that  the  spark  gap  is  correct.  This  should  be  about  one- 
thirty-second  inch.  Whenever  a  spark  plug  is  to  be  put  into  use, 
whether  it  is  a  new  one  or  old  one  which  has  been  cleaned,  the 
spark  points  should  always  be  set  so  there  is  a  gap  of  about  the 
thickness  of  a  smooth  ten-cent  piece  between  them.  The  method 
of  obtaining  a  correct  spark  gap  depends  entirely  upon  the  type 
of  the  plug.  In  the  plug  shown  at  Fig.  82,  C,  which  has  a  plate 
at  the  end,  it  is  necessary  to  bend  over  the  center  stem  by  using 
a  small  screw  driver  or  similar  tool  as  indicated.  With  a  plug 
of  the  form  shown  at  D  the  center  stem  is  bent  the  proper  dis- 
tance away  from  the  small  hook-shaped  wire  or  electrode  which 
projects  from  the  bottom  of  the  spark  plug  body.  In  some  plugs 
it  is  easier  to  bend  the  central  stem  than  the  side  electrode,  as  the 
latter  is  of  hard  material,  whereas  in  others  it  is  not  possible  to 
bend  the  central  electrode  and  the  point  attached  to  the  plug  body 
must  be  bent  instead.  It  is  important  when  replacing  the  por- 
celain insulator  after  cleaning  to  make  sure  that  the  packing  nut 
is  drawn  down  quite  tight  in  order  that  the  joint  will  be  tight 
enough  to  hold  the  explosion  pressure.  It  is  also  necessary  to 
screw  down  the  small  hexagon  lock  nut  on  top  of  the  spark  plug 
porcelain,  as  if  this  is  left  loose  the  center  stem  of  the  plug  will 
be  free  to  turn  in  the  porcelain,  especially  if  the  thumb  nut  or' 
terminal  is  being  tightened.  It  will  be  apparent  that  if  the  center 
stem  is  bent  over  toward  the  side  electrode  in  the  manner  shown 
at  D,  that  if  it  is  turned  a  very  small  part  of  a  circle  the  size  of 
the  gap  between  the  center  stem  and  side  electrode  will  be  altered 
appreciably.    If  the  porcelain  is  found  covered  with  oil  and  car- 
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bon  when  removed,  it  should  be  thoroughly  cleaned,  care  being 
taken  not  to  scratch  the  glazing  on  the  porcelain  surface,  as  if 
this  glaze  is  destroyed  it  will  be  possible  for  the  porcelain  to  ab- 
sorb oil.  The  interior  of  the  plug  body  and  the  electrodes  should 
also  be  scraped  clean  of  all  carbonaceous  matter.  If  the  porcelain 
is  scratched  or  defaced  in  any  manner  it  should  be  replaced  with 
a  new  one.  If  the  plug  is  apparently  in  good  condition  and  yet 
the  cylinder  refuses  to  fire,  it  may  be  well  to  substitute  the  plug 
with  one  known  to  be  in  good  condition,  as  there  may  be  some 
minute  short  circuit  in  the  porcelain  that  is  not  apparent  upon 
inspection. 

Plugs  using  mica  insulation  are  very  deceptive,  as  in  many  cases 
short  circuits  exist  that  cannot  be  detected  by  the  eye  in  daylight. 
A  good  way  to  test  a  suspected  mica  plug  is  to  lay  it  on  top  of  the 
cylinder  after  dark,  taking  care  not  to  have  the  insulated  terminal 
in  contact  with  any  metal  parts  except  the  high  tension  current 
lead.  The  engine  is  then  run  on  the  other  cylinders  and  the 
inside  of  the  spark  plug  watched  to  see  if  sparks  jump  between 
the  insulator  and  the  plug  body,  instead  of  between  the  points. 
If  a  short  circuit  exists  it  will  be  easily  detected  by  the  minute 
sparks  plainly  evident  in  the  darkness.  It  is  sometimes  possible 
to  test  a  plug  out  in  daytime  by  shading  it  from  the  light  in  some 
manner,  as  with  a  black  felt  hat.  After  the  spark  points  have 
been  set  correctly,  it  is  well  to  double  up  a  piece  of  emery  cloth 
with  the  abrasive  surface  on  the  outside,  as  shown  at  Fig.  82,  E, 
and  move  it  back  and  forth  between  the  plug  points  a  number  of 
times  to  brighten  them  up  and  to  insure  that  there  will  be  no 
foreign  matter  present  between  them  that  is  apt  to  short  circuit 
the  current.  An  old  tooth-brush  and  gasoline  are  the  best  tools 
for  cleaning  a  spark  plug  without  taking  it  entirely  apart  as  stiff 
brush  bristles  will  remove  any  oil  or  material  soluble  in  gasoline. 
Acetone  is  a  solvent  for  carbon,  and  if  that  material  is  not  baked  on 
too  hard  it  is  possible  to  remove  the  deposit  without  scraping  it  off. 

Many  cases  of  ignition  trouble  have  been  traced  to  the  use 
of  improper  spark  plugs  or  to  faulty  location  of  these  members. 
Manufacturers  of  spark  plugs  have  given  the  matter  of  location 
considerable  thought  during  recent  years,  and  the  endeavor  is  to 
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produce  a  plug  specially  designed  or  adapted  for  the  motor  for^ 
which  it  is  to  be  used.  The  spark  plug  shell  or  base  is  constructed 
so  the  spark  points  will  project  into  the  combustion  chamber. 
It  is  also  important  to  make  provision  for  proper  cooling  of  the 
spark  plug.  This  last  named  factor  is  an  important  one  that  is 
seldom  given  consideration  by  owners  or  repairmen  who  change 
the  spark  plugs  without  making  sure  that  they  are  adapted  to  the 
motor.  To  obtain  the  greatest  efficiency  from  the  explosion  it  is 
important  that  the  spark  points  project  into  the  combustion  cham- 
ber in  such  a  way  that  they  be^surrounded  with  cool  fresh  gas.  If 
the  gas  of  the  plug  is  located  iii  a  recess^r  pocket,  as  indicated 
at  Fig.  52,  A,  dead  gas  is  apt  to  accumulate  about  the  points, 
and  combustion  will  be  much  slower  than  it  would  be  with  the 
spark  plug  located  as  at  B.  It  will  be  evident  that  with  this 
construction  of  the  valve  cap  the  spark  points  project  into  the 
induction  chamber,  permitting  the  spark  to  take  place  in  fresh 
mixture  and  promote  rapid  spread  of  the  ignition  flame.  Another 
faulty  mounting  when  a  plug  is  located  directly  in  the  combustion 
chamber  is  shown  at  C.  It  will  be  apparent  that  with  a  projection 
from  the  plug  body  having  a  space  around  it  in  which  the  hot 
gases  may  collect,  the  plug  will  heat  up  much  quicker  than  the 
mounting  shown  at  D  in  which  the  heat  will  be  conducted  away 
by  the  cooling  water.  A  plug  that  becomes  heated  will  tend  tq 
soot  up  and  carbonize  much  quicker  than  one  in  which  provisions 
have  been  made  for  proper  cooling. 

Induction  Coil  Faults. — The  high-tension  induction  coil  is  one 
part  of  the  ignition  system  that  can  seldom  be  repaired  outside 
of  the  factory.  In  the  first  place  it  is  not  possible  to  reach  the 
interior  parts  of  an  induction  coil  because  the  windings  and  con- 
denser are  usually  imbedded  in  a  hard  insulating  compound  that 
has  been  poured  into  the  coil  box  in  a  molten  condition,  and 
which  becomes  as  hard  as  stone  when  it  sets.  The  only  part  of 
an  induction  coil  that  is  possible  to  correct  is  faulty  vibrator 
action,  and  fortunately  the  vibrator  is  about  the  only  part  of  a 
well-made  coil  that  demands  attention.  If  the  vibrator  does  not 
buzz  when  the  circuit  is  closed  at  the  timer  and  the  wire  leading 
from  the  timer  to  the  coil  unit  is  found  in  good  condition,  the 
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trouble  is  due  to  a  broken  connection  inside  of  the  coil  box  or  the 
contact  points  do  not  touch.  If  the  vibrator  operates  as  it  should 
and  there  is  an  extremely  bright  spark  between  the  points  and 
a  weakened  secondary  spark,  it  is  reasonable  to  assume  that  the 
condenser  inside  of  the  coil  box  is  ruptured. 

If  there  is  a  proper  vibration  or  buzz  at  the  vibrator  and  no 
secondary  spark  from  the  high-tension  terminal,  the  trouble  is  either 
a  broken  high-tension  connection  or  a  short  circuited  secondary 
winding.  Sometimes  a  wire  inside  of  a  coil  is  twisted  off  where 
it  fastens  to  the  terminal  screw,  due  to  that  member  being  turned 
around  several  revoluwons  with  a  pair  of  pliers.  A  case  of  this 
kind  may  be  fixed  by  removing  the  bottom  or  top  of  the  coil  box, 
as  the  case  may  be,  and  making  sure  that  the  connection  is  re- 
soldered  to  the  terminal  post.  A  punctured  winding  or  short  cir- 
cuited condenser  can  only  be  repaired  by  the  coil  manufacturer, 
and  in  most  cases  it  is  cheaper  to  procure  a  new  coil  unit,  which 
is  easily  removed  in  modern  coils,  than  to  attempt  to  have  the  old 
one  repaired. 

When  a  coil  unit  is  suspected  of  being  defective  it  is  easy  to 
ascertain  if  this  is  the  case  by  changing  it  for  one  of  the  coil 
units  which  is  known  to  be  in  good  condition.  If  the  cylinder 
which  was  formerly  served  by  the  good  coil  unit  now  begins  to 
skip,  one  may  assume  that  the  coil  unit  is  at  fault.  If  the  trouble 
has  not  been  due  to  other  causes,  the  cylinder  that  was  formerly 
at  fault  will  begin  to  operate  as  it  should  as  soon  as  the  spark 
plug  is  connected  to  the  good  coil  unit  which  has  been  substituted 
for  the  one  thought  to  be  defective. 

Adjusting  Coil  Vibrators. — The  repairman  who  understands 
the  vibrating  spark  coil  is  the  exception  rather  than  the  rule. 
Many  are  able  to  adjust  a  vibrator,  but  do  not  know  how  to  locate 
troubles,  or  to  remove  the  exposed  component  such  as  the  bridge, 
vibrating  spring,  etc.,  and  reassemble  the  parts  correctly.  If  the 
vibrator  buzzes  weakly  when  contact  is  made  at  the  timer,  the  first 
thing  to  do  is  to  test  the  battery  to  make  sure  that  there  is  suffi- 
cient current  available  to  operate  the  vibrator,  then  the  contact 
points  should  be  examined  to  see  that  they  are  clean  and  smooth. 
Various  defective  conditions  are  shown  at  Fig.  83,  A;  any  one 
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of  these  will  interfere  with  correct  contact  and  with  proper  vi- 
brator action.  At  A-1  a  pit  has  been  burnt  in  the  lower  point 
and  a  projection  has  been  built  up  on  the  upper  one.  At  A-2 
the  points  have  been  cleaned  with  a  file  which  has  been  inserted 
at  an  angle  so  the  contact  members  do  not  have  a  true  flat  surface. 
At  A-3  a  point  has  been  built  up  on  one  side  of  the  contact  of  both 
vibrator  springs  and  contact  screw  points.    As  these  contact  points 
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Fig.  83. — ^Methods  af  Cleaning  Induction  Coil  Vibrator  Contact  Screws. 


are  of  platinum  it  is  important  to  remove  as  little  of  that  valuable 
material  (which  is  now  worth  more  than  gold)  as  possible. 

For  this  reason  it  will  be  desirable  for  a  repairman  working 
oil  cars  using  vibrator  coils  to  provide  himself  with  the  simple 
fixture  shown  at  Fig.  83,  B,  which  insures  that  the  points  will 
be  dressed  true  without  removing  much  material.  The  fixture  is 
a  simple  U-shaped  piece  of  hardened  steel  having  a  series  of  holes, 
A,  B,  C,  drilled  into  it  of  such  size  as  will  permit  the  insertion 
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of  the  most  eommonly  used  sizes  of  vibrator  adjusting  screws. 
These  are  not  threaded,  the  screw  F  being  a  free  fit  in  the  hole 
corresponding  to  the  outside  diameter  of  the  thread.  A  feed  screw 
E  may  be  interposed  under  the  adjusting  screw  in  order  to  feed  it 
up  against  the  smooth  file  used  to  clean  off  the  roughness.  This 
screw  may  be  shifted  into  any  one  of  the  tapped  poles  under  the 
holes  A,  B  and  C  for  feeding  different  sized  contact  screws. 


VIBRATOR  ADJUSTING  SCREW 


VIBRATOR  SPRING 


Fig.  84. — Typical  Induction  CoU  VlbraWt. 


The  conventional  vibrator  is  shown  at  Fig.  83,  C,  and  another 
form  at  Fig.  84.  It  will  be  noticed  that  this  consists  of  a  vibrator 
spring  or  armature  carrying  one  contact  point  and  a  bridge  mem- 
ber over  it  carrying  another  contact  which  is  set  into  a  knurled 
head  adjusting  screw  in  that  at  Fig.  83,  C.  The  smaller  bridge 
holds  the  vibrator  spring  and  is  also  provided  with  a  knurled 
screw  so  the  vibrator  spring  tension  may  be  adjusted.  Directly 
under  the  vibrator  is  the  iron  core  which  attracts  it  to  break  the 
contact  between  the  points.    The  farther  away  the  vibrator  is  from 
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the  core  the  more '  current  will  be  needed  to  actuate  the  vibrator. 
The  spring  tension  should  be  sufficient,  so  that  the  trembler  will 
vibrate  fast  enough  to  produce  a  pronounced  buzzing  sound.  If 
the  vibrator  spring  lacks  elasticity,  too  much  current  will  be  con- 
sumed which  is  an  important  item  if  the  current  for  ignition  is 
derived  from  a  dry  cell  battery.  In  adjusting  the  coil  vibrator  it 
is  not  necessary  to  turn  the  motor  over  to  establish  contact  as  the 
tuning  up  may  be  readily  performed  on  most  coils  by  connecting 
a  wire  to  the  steering  post  as  shown  at  C,  and  touching  the  knurled 
head  of  the  adjusting  screw  or  the  bridge  carrying  it  with  the 
other  end  of  the  wire.  It  is  necessary,  of  course,  to  have  the  switch 
on  the  coil  in  the  **on''  position.  Another  method  of  accomplish- 
ing this  is  to  short  circuit  the  timer  with  a  screw  driver  as  shown 
at  B,  which  is  used  to  bridge  the  wire  terminal  and  the  aluminum 
timer  case.  In  this  way  each  of  the  vibrators  may  be  made  to  buzz 
in  turn.  If  the  points  are  not  too  badly  burnt  it  is  possible  to 
clean  them  with  a  piece  of  very  fine  emery  cloth  as  shown  at  Fig. 
83,  B,  without  removing  either  vibrator  or  contact  screw  from  the 
top  of  the  coil.  Where  battery  current  is  used  it  is  weH  to  test 
the  current  consumption  of  the  coil  from  time  to  time  as  the  vi- 
brators are  adjusted.  It  is  possible  to  have  a  coil  draw  twice  as 
much  as  needed  if  the  vibrator  spring  tension  is  too  great.  The 
current  consumption  will  vary  from  .5  to  2.2  amperes,  a  fair  aver- 
age being  about  1  ampere.  The  usual  primary  voltage  needed  is 
5  or  6,  and  the  trembler  vibrations  will  vary  from  100  to  400  per 
second.  If  the  vibrator  tends  to  stick,  the  core  should  be  filed 
off  as  well  as  the  undersurf ace  of  the  vibrator  to  remove  any  rust 
that  may  be  present  between  the  surfaces.  A  projecting  core  wire 
sometimes  interferes  with  proper  vibrator  action.  Make  sure  the 
top  of  the  core  is  smooth  and  bright. 

Boiler  Contact  Timer  Troubles. — ^When  a  timer  of  the  roller 
contact  form  is  used,  ignition  is  apt  to  be  irregular  should  the 
spring  attached  to  the  free  end  of  the  roller  ^rm  break.  If  the 
interior  of  the  device  is  filled  with  dirty  oil,  the  current  is  apt 
to  be  short  circuited.  If  the  device  has  been  oiled  with  a  lubri- 
cant having  too  much  body,  the  roller  is  not  apt  to  make  good 
contact  with  the  metal  segments  and  ignition  will  be  erratic.    De- 
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preciation  in  the  bearing  pin  on  which  the  roller  rotates  or  of 
the  fnlcrum  pin  on  which  the  roller  arm  swings  will  also  result 
in  irregular  ignition.  If  the  motor  runs  steadily  at  low  speeds 
but  misses  fire  at  high  speeds,  and  the  trouble  has  been  traced 
to  the  timer,  it  is  necessary  to  feel  around  the  inside  of  the 
fiber  ring  with  the  finger  to  see  that  this  is  smooth  and  per- 
fectly round,  and  that  the  contact  block  faces  are  flush  with  the 
surface  of  the  ring.  If  the  blocks  are  worn  below  the  surface  of 
the  ring,  the  roller  is  apt  to  jump  the  space  at  high  speeds,  due 
to  the  low  block,  and  not  establish  an  electrical  contact.  At  low 
speeds  the  tension  of  the  spring  is  sufficient  to  keep  the  roller 
bearing  against  the  contact  blocks,  as  it  will  follow  the  irr^nlar 
contour  of  the  timer  interior  without  difficulty.  If  the  s^ments 
are  badly  worn  and  the  fiber  ring  roughened,  the  timer  casing 
should  be  chucked  in  a  lathe  or  grinding  machine  and  the  interior 
ground  smooth  and  x>6rfectly  round  with  a  small  emery  wheel. 
The  writer  has  seen  some  mechanics  attempt  to  take  a  light  chip 
out  of  the  timer  interior,  as  they  were  ignorant  of  the  fact  that 
the  contact  blocks  were  of  tool  steel  and  hardened.  A  fast-running, 
free-cutting  emery  wheel  is  the  best  tool  to  use  for  smoothing 
down  hardened  steel  segments.  The  stem  or  bolt  attached  to  the 
contact  block  must  pass  through  a  fiber  washer  or  bushing  in 
order  that  it  be  insulated  from  the  timer  body.  If  these  bushings 
crack,  there  may  be  an  opportunity  for  leakage  of  current^  espe- 
cially on  the  Ford  car,  where  the  ignition  current  is  derived  from 
the  magneto  and  is  stronger  than  that  usually  produced  by  a 
chemical  battery. 

Wiring  Troubles  and  Electrostatic  Effects. — ^The  principal 
troubles  that  are  apt  to  occur  in  the  wiring  systems  are  evident 
on  inspection,  these  consisting  usually  of  a  break  in  the  conductor, 
which  may  sometimes  be  concealed  by  perfect  insulation  covering; 
wearing  away  of  the  insulation  due  to  abrasion  between  the  wire 
and  some  metal  ]>ortion  of  the  car  which  eventually  results  in  a 
short  circuit  and  the  wiring  becoming  oil  soaked  and  failing  to 
properly  carry  the  chai^  of  current  which  leaks  through  the  de- 
fective insulation.  The  wiring  of  a  complete  dual  ignition  sys- 
tem in  which  two  radically  different  methods  of  ignition  are  used 
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is  Bhown  at  F^.  85.  One  system  conBists  of  a  set  of  low  tendon 
igniter  plates  mechanically  operated  from  a  suitable  camshaft,  the 
other  method,  which  is  independent,  haa  high  tension  ignition  plugs 
operated  through  a  timer  of  the  usual  form.  At  the  present  time 
where  dual  ignition  systems  are  provided  the  usual  practice  is 


Fig.  86. — Side  View  of  Engine  Used  on  Some  OolmnUa  AulxHnobilea 
Bavlng  tbe  Bare  Oomblnatlon  of  Botlt  Higli  and  Low  Tension  Igni- 
tion SysteniB. 

to  use  two  high  tension  systems,  one  of  which  will  derive  its  cur- 
rent from  a  battery  and  coil,  the  other  which  will  receive  the 
enei^y  of  a  high  tension  magneto,  A  typical  double  system 
adapted  for  six  cylinder  engine  ignition  is  shown  at  Fig.  86.  In 
this  two  spark  plugs  are  carried  in  each  cylinder,  one  over  the 
intake,  the  other  over  the  exhaust  valve,  A  battery  timer  is 
mounted  close  to  the  dash  from  which  six  primary  wires  go  to  the 
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Supports  for  Ignition  Wires 
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individual  Coil  units  of  the  coil  box.  High  tension  wires  come 
from  the  bottom  of  the  coil  to  one  set  of  spark  plugs.  Another 
set  of  high  tension  wires  extends  from  the  magneto  distributor  to 
the  remaining  set  of  spark  plugs. 

It  will  be  apparent  that  in  both  of  the  systems  shown  that  con- 
siderable care  is  taken  to  have  the  wiring  carried  in  an  orderly 
manner  and  kept  out  of  contact  with  the  metal  portions  of  the 
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Fig.  87. — ^Methods  of  Insulating  and  Supporting  Secondary  Cable  As- 
sembly. 
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cylinder  by  suitable  insulating  blocks,  usually  made  of  fibre,  as  at 
Fig.  %^  or  Fig.  87,  A,  or  in  a  fibre-lined  metallic  conduit,  as  shown 
at  Fig.  87,  D. 

A  typical  double  ignition  system  which  has  been  used  on  some 
models  of  the  Locomobile  is  clearly  shown  at  Fig.  88.  The  method 
of  running  the  wires  for  the  primary  circuit  is  very  clearly  out- 
lined at  A.  The  complete  wiring  diagram  showing  the  high  ten- 
sion leads  going  from  the  magneto  distributor  to  the  spark  plugs  is 
shown  at  B.  With  a  system  of  this  kind  the  current  may  be  de- 
rived from  a  battery  which  is  timed  by  a  primary  circuit  breaker 
attached  to  the  magneto  contact  breaker  box  and  sent  through  a 
single  unit  coil  secured  to  the  dash.  The  secondary  current  from 
the  coil  is  led  to  the  center  of  the  magneto  distributor,  which 
serves  the  dual  purpose  of  directing  the  high  tension  current 
from  either  the  magneto  armature  or  the  induction  coil  to  the 
spark  plugs  in  the  proper  firing  order.  The  usual  method  of  hous- 
ing the  secondary  cables  in  a  conduit  of  insulating  material  so  that 
there  will  be  no  liability  of  short  circuiting  due  to  oil  accumula- 
tions or  to  contact  with  metal  parts  is  so  clearly  shown  at  Fig.  87, 
C,  that  further  description  is  unnecessary. 

The  repairman  does  not  generally  recognize  the  fact  that  the 
manner  in  which  the  high  tension  cables  are  led  from  a  magneto 
or  spark  coil  to  the  spark  plugs  is  sometimes  the  cause  of  misfiring 
and  ignition  irregularities  which  are  hard  to  locate.  A  spark  may 
sometimes  occur  in  a  cylinder  in  which  the  piston  is  going  down 
on  its  suction  stroke  which  is  not  due  to  defective  insulation  of  the 
wires  or  to  short  circuiting,  but  to  an  electrostatic  action  between 
one  wire  and  a  neighboring  one  through  which  no  current  is  flow- 
ing. Endeavor  should  always  be  made  to  keep  the  secondary  cables 
as  short  as  possible,  as  in  some  cases  if  a  conductor  is  too  long  the 
tendency  is  toward  an  unreliable  spark.  Some  ignition  experts 
condemn  the  practice  of  runniiig  the  secondary  wires  close  together 
in  a  fiber-lined  conduit  and  recommend  the  use  of  fiber  cleats  se- 
cured to  supports  extending  from  the  engine  and  provided  with 
grooves  that  will  hold  the  cables  some  distance  apart. 

When  individual  unit  coils  are  used  a  condition  that  often  puz- 
zles those  who  have  had  no  previous  experience  with  it  is  what  is 


Double  System  177 


knoTm  among  old-time  repairmen  as  ' '  bucking, ' '  this  usually  being 
evidenced  on  engines  ol  the  four  or  six  cylinder  forms.  The  symp- 
tom is  the  same  as  a  premature  explosion  in  some  one  of  the  cyl- 
inders, this  having  a  tendency  to  cause  the  engine  to  come  to  an 
abrupt  stop.    One  is  often  led  to  believe  that  a  short  circuit  ex- 
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istg  at  one  of  the  timer  wires  which  allows  a  contact  being  made  at 
the  wrong  time,  producing  a  spark  in  the  cylinder  aboat  to  fire 
before  the  gas  is  fnlly  compressed  or  the  piston  has  reached  top 
center.  This  is  doe  to  an  inductive  interference  between  one  induc- 
tion coil  and  a  neighboring  one.  It  is  known  that  when  .the  pri- 
mary  coil  becomes  energized  in  any  unit  the  core  becomes  a  magnet, 
and  as  is  common  with  all  bar  magnets,  lines  of  force  are  given  out 
which  run  from  the  north  to  the  south  poles  and  which  induce  a 
current  in  the  secondary  winding  of  the  transformer  coil.    If  this 

magnetic  influence  does 
not  go  astray  from  its 
proper  confines  no  trou- 
ble will  be  experienced. 
If  a  portion  of  this  mag- 
netic field,  strays  over 
into  a  neighboring  eoil 
unit  enough  voltage  may 
be  induced  in  the  sec- 
ondary winding  of  the 
latter  to  produce  a  weak 
spark  at  a  spark  plug 
connected  with  a  coll 
which  rightly  should  re- 
main inactive.  This 
condition  is  more  noted 
with  old-style  induction  coils  than  with  modern  ones,  and  usually  re- 
sults when  the  motor  is  running  slowly.  The  trouble  has  been  elim- 
inated in  many  of  the  later  forms  of  multiple  unit  coils  by  providing 
anti-induction  shields  between  the  units.  These  are  merely  metallic 
strips  in  which  the  energies  from  the  stray  magnetic  force  is  dissi- 
pated in  the  form  of  eddy  currents  instead  of  cutting  wire  layers  of 
adjacent  units.  If  this  trouble  is  experienced  and  none  of  the  com- 
mon faults  are  found  to  exist,  such  as  carbon  deposits  and  rough 
edges  in  the  interior  of  the  combustiofi  chamber  or  long,  thin  spark 
plug  points  which  remain  incandescent  and  retain  heat  from  a 
previous  explosion,  one  may  suspect  trouble  in  the  multiple  unit 
coil.    It  has  been  cured  at  times  by  inserting  thin  strips  of  sheet 
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Tig.  89. — Forms  of  Terminals  for  Attachment 
to  Ignition  System  Cables. 


Ignition  Current  Switches 
I  between  the  coil  units.     The  most  frequent  < 
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;  of  "buck- 
ing" is  defective  insulation  of  the  secondary  wires,  which  allows 
the  current  to  jump  from  one  cable  to  another.  This  is  sometimes 
found  to  be  the  case  when  all  cables  are  passed  closely  together 
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Fig.  90. — Oolutructlon  of  Ignition  Ciurent  SwitcheB  Outlined.  A— IiOTOr 
Type  Magneto  and  Battery  Switch.  B — ^Plng  Switch  for  Controlling 
One  Circuit. 


through  a  common  tubular  conduit,  and  ia  not  apt  to.  result  when 
wires  are  carried  apart  in  cleats,  as  in  Fig.  87,  B. 

Battery  Ignition  System  Hints. — See  that  the  wires  are  heavy 
enough  to  carry  the  current  and  that  all  the  connections  are  kept 
dean  and  bright  as  every  corroded  joint  causes  needless  resistance. 
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Inspect  battery  connections  etc.,  occasionally  as  they  have  a 
habit  of  working  loose. 

Look  well  to  the  ground  connection,  which  should  be  very  se- 
curely made  and  placed  where  it  will  not  corrode. 

Be  sure  the  battery,  especially  if  dry  cells  are  used,  is  where 
it  cannot  get  wet,  as  the  paste-board  may  absorb  sufficient  moisture 
to  short  circuit  the  cells. 

See  that  all  wires  are  securely  fastened  so  that  they  cannot  by 
any  means  rub  or  chafe  against  either  wood  or  metal  parts  •  espe- 
cially the  secondary  wires. 

Frequently  examine  the  condition  of  the  plugs,  as  troubles 
caused  by  plugs  are  often  looked  for  elsewhere. 

Don't  allow  the  wires  to  become  water-  or  oil-soaked,  as  short 
circuiting  will  probably  result. 

Don't  screw  down  electrical  connections  with  the  fingers,  as  a 
tight  joint  cannot  be  made.    Use  pliers. 

Don't  allow  the  storage  battery  to  get  so  far  discharged  that 
it  will  not  operate  the  coil.  See  that  the  vibrators  are  set  as  lightly  v 
as  possible  to  run  the  engine  without  skipping,  otherwise  they  will 
waste  current. 

Don't  take  it  for  granted  you  have  ignition  trouble  every  time 
the  engine  stops. 

Don't  start  out  knowing  the  battery  to  be  nearly  exhausted, 
as  it  may  run  all  right  to  start  with,  but  will  probably  go  out  of 
business  at  a  most  inopportune  time  and  place. 

Don't  adjust  the  coil  vibrator  for  the  biggest  possible  spark, 
as  it  wastes  current. 

ian'44bkik  a  multiple  unit  coil  is  no  good  if  the  vibrators  do 
not  buzz  exactly  alike. 

Don't  test  storage  batteries  with  an  ammeter  unless  they  are 
charging  or  discharging. 

Don't  strain  the  coil  by  disconnecting  the  secondary  wires  com- 
pletely so  that  no  spark  can  jump,  or  by  testing  how  far  it  will 
jump. 

Don't  screw  or  nail  anything  on  to  the  coil  box,  as  you  may 
injure  it. 

Don't  tolerate  any  loose  wires  or  poorly  made  connections.  Fix 
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them  at  once,  using  terminals  for  all  wires  as  shown  at  Pig.  89, 
making  sure  no  loose  strands  of  wire  project.  Terminals  should 
be  securely  soldered  to  wire. 

Be  sure  all  timer  contacts  are  clean,  contact  points  properly 
adjusted  and  distributor  brushes  O.  K.  Carbon  dust  in  distributor 
will  cause  skipping  as  well  oil  in  timer  portion  on  points. 

Don't  think  the  ignition  system  will  function  properly  with 
loose  or  dirty  switch  connections.  Examine  switch  parts  as  shown 
at  Fig.  90  for  looseness  or  corrosion  of  contacts. 

Timing  Battery  Ignition  Systems. — In  timing ^»  m^kmf-mim^A 
battery  ignition  system  with  individual  vibrator  coils  to  supply 
the  current  to  respective  cylinders,  the  first  thing  to  ascertain  is 
the  firing  order  of  the  engine  to  be  timed.  The  diagram,  Fig.  91, 
shows  all  components  of  a  battery  ignition  system,  also  a  sectional 
view  of  one  of  the  cylinders  of  the  engine,  showing  the  position 
of  the  piston  when  the  spark  should  occur  in  the  cylinder  with 
the  primary  timer  fully  advanced.  When  the  primary  timer  is 
fully  retarded  the  spark  will  take  place  after  the  piston  has  reached 
the  top  of  its  stroke  and  has  started  to  go  down  on  the  explosion 
stroke.  The  four  unit  spark  coil  has  a  two  point  switch  on  its 
face  and  has  ten  terminals.  Four  of  these  which  are  protected 
by  heavy  insulators  or  bushings  of  hard  rubber  run  to  the  spark 
plugs  as  indicated.  These  are  the  secondary  terminals.  The 
two  primary  terminals  under  the  switch  are  connected  to  the  posi- 
tive poles  of  the  dry  cell  and  storage  batteries  respectively,  the 
negative  terminals  of  the  two  batteries  being  joined  together  by  a 
common  wire  and  grounded.  This  leaves  four  primary  leads,  which 
go  to  insulated  terminals  connecting  with  the  segments  of  the 
timer. 

The  method  of  timing  an  engine  is  very  simple.  The  spark 
advance  lever  on  the  steering  wheel  is  advanced  fully.  The  inlet 
valve  of  cylinder  No.  1  is  watched  as  the  engine  is  turned  by  the 
hand  crank.  Just  after  the  inlet  valve  closes  which  indicates  that 
the  piston  has  started  to  go  up  on  its  compression  stroke  the  piston 
travel  may  be  gauged  accurately  as  it  moves  up  by  the  timing  rod 
inserted  through  a  petcock  in  the  top  of  the  cylinder  or  through 
a  valve  cap  opening.    If  the  engine  is  not  provided  with  a  relief 
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coek  or  spark  plug  that  will  permit  the  use  of  the  gauge  rod,  the 
6ywheel  markings  may  be  utilized  to  determine  the  center  corre- 
sponding to  the  end  of  the  piston  upward  movement.  The  vibrator 
of  coil  connected  to  cylinder  No.  1  should  begin  to  buzz  with  the 


Fig.  91. — BlmpUfled  Wiling  Diagram  Ezplainiug  Methods  of  Timing  , 
Spark  In  Battery  Ignition  Systems. 

timer  casing  in  full  advanced  position  before  the  piston  reaches 
the  end  of  its  upward  stroke.  The  amount  of  crankshaft  travel 
18  about  30  degrees  from  the  point  where  the  spark  takes  place  to 
that  where  the  piston  reaches  the  top  of  its  stroke.  If  the  timer 
casing  is  set  in  full  retard  position  the  spark  should  take  place 
30  degrees  of  the  crankshaft  travel  after  the  piston  has  left  the 
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end  of  its  compression  stroke.  Some  engines  have  the  spark  set 
45  degrees  advance.    "With  the  spark  advance  lever  set  about  half 

■ 

way  of  its  travel  the  spark  may  be  made  to  occur  just  when  the 
piston  reaches  the  end  of  its  compression  stroke,  or  on  top  center. 
It  is  necessary  to  provide  a  wider  range  of  spark  advance  on  a 
battery  and  coil  ignition  system  than  when  a  magneto  is  used,  as 
it  is  said  that  a  range  of  advance  of  60  degrees  is  sufficient  for 
four-cylinder  motors  and  27  degrees  for  six-cylinder  motors  with 
magneto  ignition. 

In  timing  a  strange  car  it  is  easy  to  tell  whether  the  movement 
of  the  spark  lever  advances  or  retards  the  timer  case  by  noting 
the  direction  of  movement  of  that  member.  If  the  spark  advance 
lever  is  pushed  in  a  certain  direction,  say  from  the  point  on  the 
sector  nearest  the  driver  to  the  other  extreme,  and  the  segments 
on  the  timer  move  to  meet  the  advancing  contact  roller,  it  is  evi- 
dent that  a  movement  of  the  spark  advance  lever  from  front  to 
rear  advances  the  ignition.  If  the  timer  case  oscillates  so  the 
segment  moves  away  from  the  advancing  contact  roller,  that  move- 
ment of  the  spark  lever  retards  the  ignition.  In  most  timers  the 
rotating  contact  member  is  fastened  to  the  shaft  in  such  a  way 
that  it  may  be  moved  independent  of  engine  rotation,  if  desired, 
by  releasing  the  fastening.  Sometimes  it  is  held  on  a  tapered 
shaft  by  a  clamping  nut,  in  other  constructions  it  is  driven  by  a 
hollow  shaft  which  is  set  screwed  to  the  timer  driving  shaft  the 
position  of  which  can  be  changed  as  desired.  In  every  case  the 
roller  should  be  set  in  contact  with  the  segments  joined  to  coil 
unit  No.  1,  the  remaining  terminals  being  wired  according  to  the 
firing  order  and  the  direction  of  rotation  of  the  timer  brush.  In 
the  diagram  now  under  discussion  after  the  roller  leaves  unit  No.  1 
segment  it  will  go  to  that  in  connection  with  unit  No.  2,  then  to 
the  one  joined  to  unit  No.  4,  and  finally  to  the  terminal  conveying 
the  electrical  current  to  unit  No.  3.  This  means  that  the  plug  in 
cylinder  No.  1  fires  first,  followed  by  those  in  cj^linders  2,  4,  3, 
in  the  order  named.  With  the  switch  lever  in  the  position  shown 
or  between  the  two  contact  buttons,  the  ignition  is  interrupted 
and  battery  current  cannot  flow  to  the  coil  unit.  If  the  switch 
lever  is  moved  to  the  button  on  the  right  marked  ''storage  bat- 
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tery/'  the  secondary  current  producer  will  furnish  ignition.  If 
moved  to  the  button  on  the  left,  the  dry  cells  will  be  brought  into 
action.  The  same  method  is  employed  in  timing  a  two,  three  or 
six-cylinder  motor,  the  only  precaution  to  be  observed  being  to 
run  the  wires  from  the  timer  to  the  coils  so  the  cylinders  will  fire 
in  proper  order. 

At  one  time  secondary  distributor  systems  using  a  single  unit 
vibrator  coil  for  firing  a  multiple  cylinder  engine  were  very  popu- 
lar, but  at  the  present  time  few  cars  use  the  long  contact  timer 
and  distributor  combination.  The  modem  cars  that  employ  battery 
ignition  use  a  short  contact  timer  and  a  non-vibrator  coil  unit. 
Popular  systems  of  this  nature  are  the  Atwater-Kent  and  the 
Delco,  both  of  which  have  been  previously  described.  Practically 
the  same  method  of  timing  is  employed  with  these  systems  except 
that  there  is  but  one  primary  terminal  on  the  contact  breaker  por- 
tion of  the  distributor  which  is  joined  to  the  corresponding  ter- 
minal of  the  spark  coil.  A  proper  distribution  of  current  to  the 
cylinders  is  made  by  connecting  the  distributing  terminals  to  the 
plugs  in  proper  firing  order. 


CHAPTER   III 

MAGNETO   IGNITION   SYSTEMS 

Magneto  Generator  Construction — ^Low  Tension  Magnetos — ^Typical  American 
Magneto  Forms — ^Magnetos  for  Eight-  and  Twelve-Cylinder  Motors- 
Simple  Magneto  Ignition  System — ^Double  System — ^Transformer  Coil 
Method — ^Dual  Ignition — Duplex  Ignition — ^Two-Spark  Magneto— Magnetic 
Plug  System — ^Impulse  Starter — Automatic  Spark  Advance — ^Low  Tension 
Magneto  Troubles — ^High  Tension  Magneto  Troubles — ^Recharging  Magnets 
— ^Adjusting  Parts — Application  to  Topical  Engines — ^Timing  Magneto 
Ignition  System — Firing  Orders  of  Typical  Engines. 

Magneto  Generator  Construction. — The  magneto  is  a  simple 
form  of  dynamo  and  a  mechanical  generator  of  electricity  in  which 
permanent  magnets  are  used  to  produce  the  magnetic  field  and 
between  which  the  armature  revolves.  The  permanent  magnets  are 
called  *' field,  magnets''  and  at  their  ends  are  provided  cast-iron 
shoes  which  form  the  walls  of  the  armature  tunnel  and  which  are 
known  as  pole  pieces.  A  typical  magneto  adapted  for  single-cyl- 
inder ignition  is  shown  in  section  at  Fig.  92.  It  consists  of  two 
compound  horseshoe  magnets  attached  to  the  pole  pieces  which 
collect  and  concentrate  the  magnetism  upon  the  armature.  The 
armature  is  shuttle-shaped  and  carries  a  double  winding  of  wire 
which  consists  of  two  coils,  one  of  coarse,  the  other  of  fine  con- 
ductor. The  armature  is  attached  to  end  pieces  which  carry  shafts 
and  the  whole  assembly  revolves  on  annular  ball  bearings.  An 
ebonite  or  hard  rubber  spool  is  carried  at  one  end  while  the  con- 
denser is  housed  at  the  other.  The  make-and-break  mechanism  is 
partly  carried  by  an  oscillating  casing  and  the  revolving  member 
is  turned  from  the  armature  shaft. 

The  current  generated  in  the  coil  is  delivered  to  a  metal  ring  on 
the  ebonite  spool  from  which  it  is  taken  by  a  carbon  brush  and 
delivered  directly  to  the  spark  plug.    Every  time  the  contact  points 
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are  placed  60  degrees  apart,  as  indicated  at  D.  The  speed  at  which 
the  armature  of  the  magneto  turns  also  varies  with  the  number 
of  cylinders.  One-  and  two-cylinder  forms  turn  at  cam-shaft  speed. 
The  three-cylinder  types  when  applied  to  a  four-cycle  engine  turn 
at  three-quarters  the  crank-shaft  speed.  The  four-cylinder  magneto 
armature  is  driven  at  crank-shaft  speed,  while  that  of  the  six- 
cylinder  forms  turn  at  one  and  one-half  times  crank-shaft  speed. 
When  used  on  two-cycle  motors,  the  speeds  given  for  four-cycle 
engines  of  the  same  number  of  cylinders  should  be  doubled. 

The  important  parts  of  a  four-cylinder  form  of  high-tension 
magneto  are  shown  at  Pig.  94,  which  is  a  view  of  a  partially  dis- 
mantled device.  The  armature  assembly  and  one  of  the  end  plates 
by  which  it  is  supported  are  shown  at  the  extreme  left.  Attached 
to  the  end  of  the  armature  shaft  are  the  distributor  drive  pinion 
and  the  ebonite  spool  which  carries,  the  collector  ring.  The  timer 
case  and  interrupter  assembly  are  shown  at  the  extreme  right. 
Above  it  the  distributor  case  is  clearly  depicted.  When  the  device 
is  assembled  the  end  of  the  armature  shaft  protrudes  through  the 
housing  at  the  lower  part  of  the  magnet  assembly  which  is  shown  in 
the  center  of  the  group,  with  the  end  plate  which  carries  the  dis- 
tributor gear  and  disk  and  one  end  of  the  armature  in  place.  The 
distributor  gear  serves  to  drive  a  hard  rubber  plate  in  which  the 
distributor  segment  is  imbedded.  When  the  distributor  case  is 
screwed  in  place,  the  carbon  brushes,  which  are  spaced  around  the 
interior  pi  the  distributor  case,  collect  current  from  the  revolving 
distributor  segment  and  lead  it  to  the  spark  plugs  by  suitable  cables 
which  run  from  the  terminals  at  the  top  of  the  distributor  casing. 

Two  systems  of  high-tension  magneto  ignition  are  used,  one 
termed  the  true  high-tension  system,  in  which  a  current  of  high 
potential  is  delivered  directly  from  the  armature ;  the  other  is  the 
transformer  coil  system,  so  termed  because  the  current  produced  by 
the  armature  winding  is  of  low  tension  and  must  be  stepped  up  or 
increased  in  value  before  it  is  delivered  to  the  spark  plug  by  an 
induction  coil  similar  in  construction  to  that  needed  in  battery- 
ignition  systems.  In  the  former  apparatus  the  high-tension  current 
is  produced  by  means  of  a  secondary  winding  on  the  armature 
itself,  and  as  the  whole  apparatus  is  self-contained  it  is  much  more 
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Fig.  95. — Simplified  Wiring  Diagram  Showing  Action  of  BoBcb  High 

TenBlon  Magneto. 

eoinpact  and  simpler  to  install  than  those  which  need  a  separate 
transformer  coil. 

The  simplified  wiring  system  of  a  true  high-tension  magneto  is 
shown  at  Fig.  95.     The  armature  carries  two  windings,  one  indi- 


Internal  Ufagneto  Wiring  Iftl 

cated  by  the  heavier  lines  at  the  bottom  called  the  "primary";  the 
other,  composed  of  finer  conductor,  is  known  as  the  "secondary," 
One  end  of  the  primary  winding  is  grounded,  the  other  is  joined  to 
the  fixed  contact  screw  of  the  contact  breaker.  This  end  is  also 
joined  to  one  end  of  the  secondary  winding  and  the  free  end  of  the 


Fig.  96. — Wiring  Diagram  Outlining  Method  of  C<aiibl]iing  Bemy  Mag- 
neto and  Transf onner  Coil  to  Form  Ignition  System  for  Four  Oylln- 
der  Engines. 

secondary  winding  is  attached  to  the  collector  ring  carried  by  the 
ebonite  spool.  When  the  contact  points  separate,  a  current  is  in- 
duced in  the  primary  and  secondary  windings  and  is  delivered  to 
the  center  terminal  of  the  distributor  disk  by  the  carbon  brush 
which  bears  against  the  collector  ring.  The  various  segments  of  the 
distributor  are  connected  to  the  spark  plugs  in  the  cylinders,  and 
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every  time  the  contact  points  separate  a  spark  will  be  produced 
at  one  of  the  plugs  because  the  revolving  distributor  brush  will  be 
in  contact  with  one  of  the  distributor  segments. 

The  wiring  of  a  four-cylinder  magneto  which  employs  a  trans- 
former coil  is  shown  at  Pigs.  96  and  97.    A  set  of  batteries  is  pro- 


Fig.  97. — ^Typical  Transformer  Ooil-Magneto  System  for  Four  Cylinder 

Ignition. 

vided  to  furnish  current  for  starting,  as  it  is  sometimes  difl&cult  to 
turn  the  motor  sufficiently  fast  by  hand  to  generate  the  proper 
amount  of  magneto  current  to  insure  prompt  starting.  The  high 
tension  wire  from  the  spark  coil  or.  transformer  is  led  to  the  center 
of  the  distributor  and  the  current  is  commutated  to  the  plugs  jtist 
as  though  the  high-tension  current  had  been  produced  in  the  mag- 
neto itself  instead  of  in  the  transformer. 


Magneto  Construction 
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The  Connecticut  magneto,  which  is  a  transformer  coil  type,  ia 
shown  in  longitudinal  section  and  end  elevation  at  Fig.  98.  In  this, 
the  transformer  coil  is  mounted  between  the  magnets  above  the 
armature  tunnel  and  the  secondary  current  is  applied  directly  to 
the  distributing  brush  by  means  of  a  secondary  collecting  member 
which  bears  against  a  suitable  terminal  in  the  bottom  of  the  coil 


Fig.  99. — allowing  AppUcatloii  of  Hlgb   Tension  Principle  In  S.  W. 
Foni  Oyllndei  Magneto. 

casing.  With  this  magneto  the  wiring  is  as  simple  as  it  would  be 
with  the  true  high-tension  form  and  only  five  wires  are  needed  in 
the  external  circuit.  Of  these,  four  secondary  leads  run  direct  from 
the  distributor  to  the  plug  while  the  remaining  one  is  a  primary 
ground  wire  having  a  switch  in  circuit  through  which  the  primary 
coil  current  may  be  grounded  instead  of  going  to  the  transformer 
coil,  thus  stopping  the  motor. 


Magneto  Construction 
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All  magnetos  do  not  employ  a  revolving  winding.  Some  utilize 
a  stationary  coil  of  wire  and  use  rotating  inductor  members  to  cause 
the  lines  of  magnetic  force  to  flow  through  the  wire  and  generate  a 
current  therein.  A  simplified  wiring  diagram  of  the  K.  W.  magneto, 
which  is  an  igniter  of  this  type,  is  shown  at  Fig.  99,  while  a  sec- 
tional view  of  the  device  itself  is  presented  at  Fig.  100.  The  station- 
ary coil  is  composed  of  two  windings,  a  primary  and  a  secondary, 
and  is  mounted  in  the  center  of  the.  device  so  that  the  rotary  in- 
ductor shaft  passes  through  it,  one  inductor  being  placed  at  each 
side  of  the  stationary  coil.  The  secondary  wire  passes  through  the 
insulated  electrode  through  a  bridge  or  strap  member  which  is 
connected  at  one  end  to  the  spark  gap  and  at  the  other  to  a  bent 
conductor  which  conveys  the  current  to  a  revolving  distributor  arm. 

When  the  contact  points  are  separated  by  the  cam  a  current  of 
electricity  is  induced  in  the  primary  coil  and  transformed  to  a  high- 
tension  current  in  the  secondary  winding  and  is  delivered  to  the 
spark  plugs  by  the  conventional  form  of  distributor.  Except  for 
the  stationary  winding  and  the  use  of  inductor  pieces  to  reverse  the 
lines  of  magnetism  through  the  coil,  the  construction  does  not  dif- 
fer from  the  forms  pi^eviously  described.  It  is  advanced  that  the 
stationary  winding  offers  some  advantages  inasmuch  as  brushes  are 
not  required  to  collect  the  primary  current. 

The  function  of  the  safety  spark  gap  is  to  take  care  of  any 
excess  current  which  might  damage  the  insulation  of  the  winding 
by  allowing  it  to  go  to  the  ground.  The  air  gap  between  the  points 
has  high  enough  resistance  so  that  the  spark  will  not  jump  it  under 
normal  conditions,  but  should  the  voltage  become  suddenly  in- 
creased in  value,  as  might  be  the  case  if  one  of  the  plug  wires  be- 
came disconnected,  it  will  leap  this  gap  in  preference  to  overcoming 
the  resistance  of  the  insulation  of  the  winding.  The  purpose  of  the 
condenser  in  a  magneto  is  the  same  as  that  used  in  a  coil,  i.e.,  it  is 
interposed  in  the  primary  circuit  in  such  a  way  that  it  is  in  shunt 
connection  with  the  contact-breaker  points  and  absorbs  any  current 
which  would  tend  to  produce  excessive  sparking. 

Simple  Low  Tension  Magnetos. — Simple  forms  of  magneto 
igniters  have  been  devised  for  use  in  connection  with  stationary 
and  marine  engines  that  have  not  been  adapted  for  service  on  the 
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aatomobile  power  plant.  Two  very  aimple  magnetos  are  shown  at 
Fig.  102,  these  having  been  used  to  some  extent  in  tractor  work  as 
well  as  on  the  various  forms  of  stationary  power  plants  employed 
for  miscellaneous  duties  in  the  shop  or  on  the  farm.  The  form  at 
A  has  an  oscillating  armature  instead  of  the  usual  form  of  rotating 


Fig.  lOlv— Boury  Inductor  with  Flx«d  Wlndlsg  at  Top  of  niDstrkUon 
and  Oonventlonal  Fonn  of  Botatlng  Winding  Slmttle  Anuatnro  at 
Bottom. 
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armature.  The  igniter  points  are  mounted  integrally  with  the  de- 
vice, the  design  heing  such  that  it  ja  possible  to  bolt  the  entire  ig- 
niter unit,  including  the  magneto,  to  the  combustion  chamber  just  as 
the  usual  make -and-break  ignition  plate  is.  The  magneto  armature 
is  oscillated  by  a  lever 
actuated  from  a  suit- 
able cam  or  eccentric 
on  the  engine  camshaft 
and  the  construction  is 
such  that  when  the 
armature  is  in  the  po- 
sition of  greatest  cur- 
rent generation  an  ad- 
justable trip  member 
releases  the  trip  finger 
attached  to  the  arma- 
ture which  permits  the 
coil  springs  to  snap 
the  armature  quickly 
so  that  the  lines  of 
force  produced  by  the 
permanent  magnets  are 
cut  quickly,  which 
means  that  a  current  of 
considerable  intensity 
will  produce  a  spark  at 
the  igniter  points.  It 
is  understood  that  this 
must  separate  at  the 
time  of  greatest  cur- 
rent production  in  the 
magneto  based  on  the 


Fig.  102. — OacUl&titiK  Aimature  I^w  TeuBloii 
Mrgneto  with  Iiici»porB.ted  Igniter  Plate 
at  A,  Sometimes  Used  on  Ststionsr;  En- 
gines. B — aoremed  Type  Direct  Ooirent 
Low  Tension  Magneto. 


oscillating  armature  member.  A  form 
oscillating  principle  is  well  adapted  to  slow  speed,  heavy  duty  en- 
gines, but  cannot  be  applied  to  the  more  rapidly  moving  camshaft 
mechanism  of  the  ordinary  multiple  cylinder  automobile  power 
plant.  The  magneto  shown  at  B  is  a  simple  generator  having  a 
permanent  magnetic  field  and  delivering  a  direct  current,  due  to 
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the  commutator  and  brushes  used  in  connection  with  the  revolving 
armature.  This  is  driven  through  a  governing  mechanism  of  the 
usual  fly-ball  type,  which  interrupts  the  drive  when  the  armature 
speed  becomes  excessive.  A  magneto  of  the  form  shown  at  B  must 
be  used  in  connection  with  an  induction  coil  and  timer  just  as 
batteries  are,  and  the  low  tension  current  it  produces  must  be 
intensified  by  a  transformer  coil. 

High,  tension  magnetos  may  be  either  one  of  two  general  forms, 
as  shown  at  Fig.  13  (Chapter  I),  it  being  practically  impossible  to 
distinguish  between  them  from  external  appearances  unless  care- 
fully examined.  The  magneto  shown  at  A  is  a  transformer  coil 
type,  i.e.,  it  generates  a  current  of  low  voltage,  which  must  be 
intensified  by  a  separate  coil  of  the  non-vibrator  form,  the  high 
tension  coil  current  being  brought  to  a  central  terminal  on  the 
distributor  and  from  that  point  led  to  the  various  spark  plugs  by 
the  rotary  distributing  brush.  The  true  high  tension  magneto, 
which  is  shown  at  B,  is  a  complete  ignition  system  in  itself,  and 
iocs  not  depend  on  any  appliances  other  than  the  spark  plugs  in 
the  cylinders  and  a  small  grounding  switch.  A  high  tension  current 
is  delivered  from  the  armature  directly  to  the  distributing  member 
and  no  separate  transformer  coil  is  needed  unless  the  magneto  is 
used  with  a  dual  system.  The  parts  that  demand  the  most  frequent 
inspection  in  a  magneto  are  the  more  accessible  ones,  these  being 
the  breaker  box,  which  houses  the  contact  points,  and  the  distribu- 
tor, which  is  utilized  to  commutate  the  secondary  current. 

The  construction  of  a  Splitdorf  transformer  coil  type  magneto 
is  clearly  shown  at  Fig.  103.  The  longitudinal  sectional  view  shows 
clearly  the  component  parts  of  the  device.  The  armature  is  wound 
to  produce  only  low  tension  current,  so  the  magneto  must  be  used 
in  connection  with  a  separate  transformer  coil. 

Another  form  of  Bosch  magneto  which  is  practically  the  same 
in  general  principles  as  that  previously  described,  except  for  slight 
differences  in  the  contact  breaker  and  distributor,  is  shown  at  Fig. 
104.  This  is  a  smallier  device,  using  two  single  horseshoe  magnets, 
and  is  intended  for  small  engines  up  to  30  H.P.  The  bigger  mag- 
neto, with  its  three  compound  magnets,  is  more  powerful  and  will 
produce  a  hotter  spark,  such  as  necessary  to  ignite  the  volume  of 
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Fig.  104. — TiewB  Sbowliig  Internal  Coiutxoctlon  of  Boacli  D  U  1  Hig 
Tension  Uagneto, 
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gas  in  large  cylinders.  The  Bosch  DU4  magneto  contact  breaker 
and  distributor  are  clearly  illustrated. 

Bosch  NU4  Magneto. — ^Like  other  Bosch  High  Tension  Mag- 
netos, the  type  NU4  generates  its  own  high  tension  current  di- 
rectly in  the  magneto  armature  (the  rotating  member  of  the  mag- 
neto), without  the  aid  of  a  separate  step-up  coil,  and  has  its  timer 
and  distributor  integral.  By  means  of  this  construction  the  entire 
current  generated  in  the  armature  is  delivered  at  the  spark  plugs, 
absolutely  without  loss  or  lag,  and  the  sparks  so  produced  not  only 
develop  the  full  power  of  the  engine,  but  are  of  such  duration  and 
intensity  as  to  assure  combustion  of  much  poorer  mixtures  than  can 
be  ignited  by  any  step-up  coil  system  employing  either  batteries  or 
low  tension  magneto  as  a  current  source.  The  distinct  gear-driven 
distributor  common  to  other  types  has  been  omitted  in  the  *'NU4" 
magneto,  and  in  its  stead  is  a  double  sliprinpf  combining  the  func- 
tions of  current  collector  and  distributor.  The  result  is  a  con- 
siderable reduction  in  the  number  of  operating  parts,  with  a  cor- 
responding lessening  of  the  possibilities  of  wear  and  noise,  and  the 
additional  advantage  of  less  weight. 

As  in  other  Bosch  Magnetos,  the  current  is  inexhaustible  and 
available  at  a  very  low  armature  speed.  The  wiring  is  tbe  simplest 
possible,  for,  aside  from  the  switch  wire,  the  only  cables  employed 
are  the  four  leading  from  the  magneto  to  the  spark  plugs.  It  is 
important  to  note  that  as  two  of  the  four  slipring  brushes  receive 
contact  simultaneously  and  each  is  connected  by  cable  to  the  spark 
plug  in  one  of  the  cylinders,  the  secondary  circuit  always  includes 
two  plugs  and  the  spark  occurs  in  two  cylinders  simultaneously. 
The  secondary  winding  is  insulated  from  the  primary  and  the  two 
ends  of  the  secondary  are  connected  to  two  metal  segments  in  the 
slipring  mounted  on  the  armature,  just  inside  the  driving  shaft 
end  plate  of  the  magneto.  The  slipring  has  two  grooves,  each  con- 
taining one  of  the  two  metal  segments  as  shown  at  Fig.  105.  These 
segments  are  set  diametrically  opposite  on  the  armature  shaft, 
i.e.,  180°  apart,  and  insulated  from  each  other,  as  well  as  from  the 
armature  core  and  magneto  frame. 

The  four  slipring  brushes,  which  are  part  of  the  secondary 
circuit,  are  supported  by  two  double  brush  holders,  one  on  each 
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side  of  the  driving  shaft  end  plate,  each  holder  carrying  two 
brushes  so  arranged  that  each  brush  bears  against  the  slipring  in 
a  separate  groove.  Upon  rotation  of  the  armature,  the  metal  seg- 
ment in  one  slipring  groove  makes  contact  with  a  brush  on  one 
side  of  the  magnet*  at  the  same  instant  that  the  metal  segment  in 
the  other  slipring  groove  comes  into  contact  with  a  brush  on  the 
opposite  side  of  the  magneto.    The  marks  "  1 "  and  "  2, "  appearing 


Fig.  105. — Contact  Breaker  and  Distributor  Arrangement  of  BoBcb  N  U  4 
High  Tension  Ifagneto, 

in  white  on  both  brush  holders,  indicate  pairs  of  brushes  receiving 
simultaneous  contact,  those  marked  "1"  constituting  one  pair,  and 
those  marked  "2"  the  other. 

As  four-cylinder,  four-cycle  engines  require  two  sparks  per  revo- 
lution of  the  crank  shaft,  and  the  type  "NTJ4"  produces  high  ten- 
sion current  only  every  180°  revolution  of  its  armature  shaft,  the 
magneto  must  be  operated  at  engine  speed  in  order  to  provide  the 
required  ignition.    It  should  be  taken  into  consideration  that,  since 
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at  each  interruption  of  the  primary  circuit  a  spark  appears  at  two 
plugs,  the  four  effective  or  power  sparks  required  for  the  four 
cylinders  during  every  two  revolutions  of  the  crankshaft  are 
accompanied  by  a  like  number  of  surplus  sparks.  Each  cylinder 
receives  alternately  one  effective  spark  and  one  surplus  spark,  the 
latter  occurring  exactly  360°  behind  the  former. 

In  coupling  the  magneto  to  the  engine,  care  should  be  taken 
that  the  platinum  interrupter  screws  do  not  separate  too  late  in 
their  relation  to  the  stroke  of  the  piston.  If  they  do,  the  surplus 
spark  will  occur  when  the  inlet  valve  is  open.  "With  the  magneto 
timed  correctly,  the  extra  spark  always  occurs  during  the  exhaust 
stroke,  when  it  has  no  effect  on  the  operation  of  the  engine.  The 
brush  holders  fit  directly  into  openings  in  each  side  of  the  driving 
shaft  end  plate  and  are  held  in  place  by  the  *'L''-shaped  catch 
springs.  These  springs  are  pivoted  at  one  end,  and  at  the  other,  or 
rounded  end,  carry  a  small  boss  which,  when  the  spring  is  in  posi- 
tion, rests  in  a  notch  in  the  brush  holder  and  secures  it  in  place. 
A  slight  downward  pressure  and  outward  pull  on  the  rounded  end 
of  the  catch  spring  disengages  the  spring  and  permits  removal  of 
the  brush  holder. 

To  connect  the  spark  plug  cables  to  the  magneto,  the  slipring 
brush  holders  are  removed  and  the  brushes  and  brush  springs  with- 
drawn. At  the  base  of  each  of  the  brush  receptacles  is  a  pointed 
cable  fastening  screw  which  is  to  be  withdrawn,  and  in  doing  so  it 
is  essential  to  use  a  narrow-bladed  screw  driver  in  order  to  obviate 
the  possibility  of  cracking*  the  insulation  of  the  brush  holder. 
The  ends  of  the  cables  are  cut  off  square  and  pushed  as  far  as 
they  will  go  into  the  cable  sockets  of  the  brush  holder.  The  pointed 
cable  fastening  screws  are  then  returned  to  position,  piercing  the 
insulation  and  wires  of  the  cable,  thus  securing  it  tightly  and  at 
the  same  time  making  perfect  electrical  connections. 

Splitdorf  Dixie  Magnetos. — By  adding  eight  and  twelve  cylin- 
der models  to  its  line  of  magnetos,  the  Splitdorf  Co.  is  able  to  fur- 
nish magneto  ignition  for  any  automobile  engine  now  on  the  mar- 
ket. The  Mason  principle  on  which  the  Dixie  magnetos  operate  is 
a  radical  departure  from  ordinary  magneto  practice,  and  possesses 
many  features  of  great  interest.     In  the  first  place  the  rotating 
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Tig.  106. — ^Diagram  Explaining  Action  of  Splitdorf  "Dixie"  Uagneto 
at  A.  B — How  Ignition  Is  Advanced  oi  Betaided.  C — Contact 
Breaker  Coustnictltm.  D — How  Secondary  Oiment  la  Collected. 
E— Interior  View  of  Elglit  Cylinder  Distributor.  F — Central  Mem- 
ber of  Dlstribntor  for  Carrying  BmslittB, 


shaft  passes  through  the  magnet  poles  instead  of  between  them, 
and  instead  of  carrying  an  armature  on  which  the  windings  are 
placed,  this  shaft  carries  two  solid  polar  extensions  separated  hy 
a  non-magnetic  distance  piece.    Surrounding  these  revolving  pole 
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pieces  is  a  light  laminated  field  structure  consisting  of  two  pole 
pieces  F  and  G,  Fig.  106,  and  a  straight  core  on  top.  This  core 
carries  both  primary  and  secondary  windings.  The  principle  of 
operation  is  that  of  sending  magnetic  lines  alternately  in  opposite 
directions' through  the  field  structure.  It  will  be  seen  that  the  pole 
extensions  S  and  N  are  simply  a  means  of  carrying  the  magnetic 
lines  from  the  main  magnet  to  the  laminated  field  structure,  and 
that  they  do  not  change  their  polarity.  In  the  four-  and  six- 
cylinder  models  each  polar  extension  embraces  about  90°  of  the 
tunnel. 

Path  of  the  Flux. — ^When  the  pole  N  is  adjacent  to  G,  Fig.  106, 
left,  the  magnetic  flux  flows  in  the  direction  of  the  arrows  through 
the  core  of  the  windings  from  left  to  right.  Continuing  the  rota- 
tion of  the  poles  until  they  occupy  a  vertical  position  it  will  be 
seen  that  the  field  of  the  magnet  is  shorted  through  the  pole  pieces, 
cutting  out  the  magnetic  flux  entirely  from  the  core.  Passing  this 
point  in  rotation  the  pole  extension  N  then  comes  into  a  position 
adjacent  to  F,  causing  the  magnetic  lines  to  flow  once  more  through 
the  core,  but  this  time  in  the  opposite  direction,  that  is,  from 
right  to  left.  This  reversal  of  direction  of  the  magnetic  flux  is, 
of  course,  a  necessary  feature  in  any  magneto  and  is  the  means 
of  inducing  the  current  in  the  windings. 

In  order  to  render  this  reversal  easy  and  complete,  the  path  for 
the  magnetic  lines  is  made  up  of  thin  iron  laminations  such  as  are 
used  also  in  the  construction  of  the  armature  in  the  ordinary 
magneto.  The  Splitdorf  Co.,  however,  make  the  claim  for  the 
Dixie  construction  that  a  point  of  great  efficiency  is  obtained 
since  the  bulk  of  iron  in  the  stationary  field  structure  is  so  small, 
its  size  being  governed  entirely  by  magnetic  requirements.  The 
windings  are  remarkably  small,  being  wound  on  a  core  of  only 
0.75  by  0.5  in.,  Fig.  106,  D.  The  core  is  held  in  place  by  two 
screws  passing  through  slots  in  the  projecting  ends.  One  ehd  of 
each  of  the  two  windings  is  earthed.  The  open  end  of  the  high 
tension  winding  terminates  in  a  contact  plate  P,  Fig.  106,  D,  em- 
bedded in  a  rubber  block  at  the  side  of  the  windings.  The  open 
end  of  the  primary  winding  passes  through  a  brass  tube  which  leads 
to  the  base  of  the  magneto,  and  so  to  the  contact  breaker.  Fig.  107. 
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In  dismantling,  this  wire  is  the  only  electrical  connection  to  be 
loosened. 

The  Rockiiig  Field — One  of  the  most  important  features  of  the 
magneto  is  that  the  ■whole  of  the  laminated  pole  structure,  includ- 
ing the  windings,  can  be  rocked  through  several  degrees.  This 
rocking  is  accomplished  by  turning  the  timer  arm  of  the  circuit 


Fig.  107. — SecUouol  view  of  SplltdOTf  "Dixie"  Inductor  Type  Magneto. 

breaker  in  the  ordinary  way  to  advance  or  retard  the  spark.  By 
means  of  this  positive  connection  between  the  field  and  the  circuit 
breaker  it  is  possible  to  arrange  the  instrument  to  produce  the 
sparks  either  advanced  or  retarded  at  the  critical  moment  when 
the  most  magnetic  lines  are  being  cut.  Hence  the  magneto  has  no 
one  point  in  its  spark  position  when  the  intensity  of  the  spark  is 
maximum  or  minimum ;  it  is  uniform  all  the  time. 
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The  distributor  on  the  four-  and  six-cylinder  models  (Fig.  6) 
consists  of  an  insulating  block  with  a  short  spindle  at  one  end  of 
which  is  a  spring  brush  bearing  on  the  contact  quadrant  P  on  the 
windings.  The  high-tension  current  passes  from  this  point  to  a 
radial  arm  on  the  distributor  face  and  so  to  the  outer  terminals 
of  the  instrument.  A  good  feature  is  the  shortness  of  the  path 
for  the  current  from  the  windings  to  the  terminals.  A  safety 
spark  gap  is  included  in  the  high-tension  circuit  at  the  base  of 
the  windings,  and  the  condenser  is  located  on  top. 

In  the  circuit  breaker  (Fig.  106,  C)  it  will  be  seen  that  nothing 
revolves  except  the  cam  attached  to  the  shaft.  By  this  construction 
it  is  possible  to  adjust  the  contact  points  while  running  as  the 
contact  bases  are  stationary.  The  grounding  terminal  is  insu- 
lated on  the  end  of  the  spring  clip  which  holds  the  breaker  cover 
in  position  and  as  it  bears  on  the  center  of  the  cover  the  ground 
wire  is  also  stationary  while  moving  the  timer  arm. 

The  four-  and  six-cylinder  instruments  are  identical  in  every 
respect  except  the  distributor  and  timing  gears.  In  the  eight- 
and  twelve-cylinder  models  the  shape  of  the  rocking  field  and  also 
the  polar  extensions  are  changed  so  that  four  sparks  can  be  pro- 
duced in  each  revolution.  The  laminated  pole  pieces  embrace  50® 
each  of  the  upper  half  of  the  tunnel,  instead  of  90°.  In  order  to 
obtain  the  requisite  number  of  magnetic  reversals  with  these  pole 
faces  the  main  polar  extensions  are  in  the  form  of  a  cross,  two 
ends  being  of  N  polarity  and  two  of  S. 

The  New  Compound  Distributor. — ^As  it  is  practically  impos- 
sible to  obtain  more  than  six  contacts  in  a  flat  distributor  disk  of 
ordinary  construction  without  a  great  risk  of  short-circuits  caused 
by  dangerously  small  electrical  hazard  distances,  a  particularly  inge- 
nious compound  distributor  (Fig.  106,  E  and  F)  has  been  designed 
for  the  eights  and  twelves  in  which  the  terminals  are  not  arranged 
in  one  plane  as  in  the  four-  and  six-cylinder  models,  but  in  two 
parallel  planes.  In  the  compound  distributor  block  on  the  eight- 
cylinder  instrument  the  high-tension  current  is  led  through  the 
center  of  the  block  from  the  brush  C  in  contact  with  the  windings 
to  the  brush  D  which  bears  on  the  center  of  the  cruciform  contact 
plate  S  embedded  in  the  distributor  box.    This  plate  has  no  con- 
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nectioDH  with  any  terminals,  but  is  a  means  of  condaeting  the  cur- 
rent in  turn  to  the  eight  terminals  as  follows;  In  Operation  the 
plate  S  becomes  "live"  by  contaet  with  the  brush  D  as  before 
explained.    Eotating  over  the  ends  of  S  are  the  two  brashes  Al 


Fig.  108. — Forms  of  Dixie  Magneto.  A — Six  Cylinder.  B — Eight  O7II11- 
dor.  C — For  Twelve  Cylinder  Engines.  D — ^View  wltli  Cover  and 
One  Magnet  Removed  to  Show  Osdllatlng  Ooil  and  Fole  Piece. 

and  Bl  connected  respectively  to  two  similar  btushes  A2  and  B2 
in  the  side  of  the  block.  The  path  of  the  latter  brush  B2  includes 
the  four  contact  pieces  E  connected  to  the  four  of  the  terminals, 
while  the  other  brush  A2  rotates  in  the  path  of  the  terminal  plates 
A  connected  to  the  remaining  four  terminals.    Now,  sinee  the  two 
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brushes  Al  and  Bl  are  arranged  135°  apart,  it  follows  that  eight 
sparks  will  fee  distributed  to  their  respective  terminals  in  one 
revolution  of  the  distributor  block  in  equal  divisions  of  time.  The 
timer  gear  is  in  the  ratio  of  2  to  1  so  that  this  magneto  runs  at 
engine  speed,  an  unusual  feature  of  an  eight-cylinder  magneto. 
On  the  twelve  the  distributor  gear  ratio  is  3  to  1,  requiring  a 
speed  one  and  one-half  times  the  engine  speed. 

The  distributor  for  the  twelves  is  identical  in  every  respect 
except  that  the  contact  star  at  the  base  of  the  box  is  six-pointed 
instead  of  four,  to  supply  the  twelve  terminals  which  are  ar- 
ranged in  two  layers,  as  shown  in  the  external  view  (Fig.  108,  C). 
By  the  use  of  the  compound  distributor  block  on  the  eights  and 
twelves  as  many  as  285  sparks  of  high  intensity  can  be  obtained 
per  second.  Owing  to  this  high  speed  of  spark  production  a  double 
contact  breaker  having  two  breaker  arms  and  contact  points  is 
used  on  the  twelves. 

Constructionally  the  Dixie  magnetos  are  up  to  the  present  high 
standard  of  practice.  The  shaft  runs  on  ball  bearings,  as  shown 
at  Fig.  107,  tightly  fitting  brass  side  covers  inclose  the  magnets 
and  the  whole  instrument  can  be  dismantled  with  no  other  tool 
than  a  screw  driver.  The  magnet  itself  is  in  two  parts  and  fits 
into  place  without  bolting,  having  semi-circular  notches  which  em- 
brace the  shaft  bearing.  Great  accuracy  has  been  used  in  the 
manufacture  of  the  rotating  pole  extensions,  the  clearance  between 
the  ends  and  the  stationary  poles  being  brought  down  to  the 
workable  minimum.  An  interesting  point  in  connection  with  the 
operation  of  these  pole  extensions  is  that  end  thrust  is  neutralized 
by  the  equal  magnetic  pull  on  both  ends  of  the  rotor.  The  com- 
pactness of  the  magnets  can  be  realized  from  the  dimensions  which 
except  in  the  height  are  practically  identical  in  all  models.  The 
common  width  is  4.125  inches  and  the  total  length  8.375  inches. 
On  the  twelve  the  height  of  the  magnet  is  7.5  inches,  being  one 
inch  more  than  the  others  so  as  to  provide  a  stronger  magnetic 
field. 

The  most  popular  form  of  magneto,  if  one  can  judge  by  the 
numbers  of  manufacturers  using  it,  is  the  true  high  tension  type 
with  the  revolving  winding,  though  the  low  tension  type  using 
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transformer  coils  have  also  been  used  to  a  large  extent.  All  mag- 
netos do  not  have  rotating  windings,  three  makes,  the  K.  W.,  Split- 
dorf  Dixie  and  early  models  of  the  Eemy  utilize  a  fixed  winding 
and  rotary  inductor.     The  inductor  pieces  are  used  to  conduct 


Fig.  109. — SpUtdoif  Dixie  Magneto  Used  cm  1916  Overland  Oars. 


the  lines  of  magnetic  energy  through  the  winding  and  produce  the 
current  hy  cutting  the  turns  of  vrire.  In  the  armature  shown  in 
the  lower  portion  of  Fig.  101  the  windings  revolve  in  the  mag- 
netic field  and  generate  the  current.  Another  form  of  magneto 
which  ia  used  on  but  one  ma&e  of  car,  the  Ford,  but  which  enjoys 
a  wide  distribution,  is  shown  at  Fig.  110  in  connection  with  the 
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complete  ignition  system  of  the  ear.  Sixteen  coils  of  coarse  con- 
ductor are  carried  by  a  fixed  plate,  which  is  bolted  to  the  engine 
crank  case,  as  shown  at  Fig.  16.  A  number  of  horseshoe  mag- 
nets, not  shown  in  the  illustration,  are  carried  by  the  ends  of 
the  flywheel  and  revolve  in  front  of  the  fixed  coils,  the  space  be- 
tween the  magnet  poles  and  the  cores  of  the  windings  being  just- 
enough  to  provide  clearance  without  danger  of  hitting  the  mag- 
nets.   Owing  to  the  large  number  of  magnets  and  coils  employed, 


a  very  strong  current  is  obtained,  which,  while  pulsating  in  char- 
acter, is  used  in  the  same  way  as  battery  current  would  be  through 
four  individual  vibrator  coils,  which  are  brought  into  circuit  pro- 
gressively by  the  rotary  contact  timer. 

Transformer  Coil  Magneto  Systems. — Methods  of  wiring  typi- 
cal transformer  coil  magneto  systems  are  shown  at  Figs.  Ill  and 
112  inclusive.  At  Fig.  97  all  the  parts  of  a  system  of  this  nature  are 
clearly  shown,  and  the  wiring  may  be  readily  traced  from  the  mag- 
neto or  battery  to  the  coil.  It  will  be  apparent  that  at  the  bottom 
of  the  single  unit  coil  there  are  four  primary  terminals  and  one 
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Fig.  111. — Typical  Wiring  Diagrams  Sboving  Splltdorf  TruisfoTmer  Cott- 
Magneto  Ignltloa  STStems. 

secondary  terminal.  A  high  tensioii  cable  runs  from  the  second- 
ary terminal,  which  is  protected  by  an  insulating  member  to  the 
central  distrlbnting  terminal  on  the  face  of  the  distributor.  The 
terminal  marked  "Bat,"  is  attached  to  the  carbon  of  a  5  dry-cell 
battery,  while  the  zinc  terminal  of  the  series  is  connected  with  a 
terminal  marked  "Int,"  and  "Bat."    From  this  same  terminal  a 
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wire  runs  to  the  terminal  on  the  side  of  the  contact  breaker.  The 
terminal  on  the  face  of  the  contact  breaker  is  coupled  to  the  coil 
terminal  marked  **Mag/'  A  terminal  on  the  coil  marked  **Grd." 
is  attached  to  the  grounding  terminal  on  the  magneto  contact 
breaker.  With  this  system,  when  the  switch  lever  is  pushed  over 
to  the  side  marked  **Bat.,"  the  current  from  the  dry  cell  battery 
is  conveyed  to  the  magneto  interrupter,  from  which  it  is  led  to  the 
primary  winding  of  the  coil.  The  secondary  current  is  distributed 
by  means  of  the  magneto  distributor  to  the  spark  plugs  in  proper 
firing  order.  When  the  switch  lever  is  shifted  to  the  other  side 
of  the  switch,  which  is  marked  *'Mag.,''  the  current  for  ignition  is 
obtained  from  the  magneto  armature  instead  of  the  battery. 

Two  of  the  Splitdorf  ignition  systems  are  shown  at  Pig.  Ill, 
that  at  A  being  used  in  connection  with  a  round  type  dash  coil, 
while  that  at  B  is  employed  with  a  square  type  dash  coil.  The 
coil  at  A  has  but  six  terminals,  that  at  B  has  seven  terminals.  In 
the  coil  at  A  the  center  terminal  is  used  for  the  high  tension  cur- 
rent and  is  connected  to  the  central  terminal  of  the  magneto  dis- 
tributor. Terminal  A  of  the  coil  runs  to  terminal  A  on  the  mag- 
neto contact  breaker  face.  The  wire  marked  **2''  runs  to  the 
terminal  on  the  side  of  the  contact  breaker.  A  wire  joins  terminal 
**3"  on  the  coil  with  the  grounding  terminal  *'3''  on  the  magneto. 
The  two  remaining'  terminals  of  the  coil,  which  are  below  the  sec- 
ondary terminals,  are  joined  to  the  battery,  which  is  convention- 
alized for  the  sake  of  simplicity.  In  the  system  shown  at  Fig. 
Ill,  B,  the  terminals  on  the  magneto  and  those  on  the  coil  are  like- 
wise numbered,  and  there  should  be  no  difficulty  in  tracing  these 
and  making  the  proper  connections  if  this  diagram  is  used  as  a 
guide. 

The  Remy  transformer  coil  system  is  shown  at  Fig.  112,  the  ap- 
pearance and  dimensions  of  the  dash  coil  and  the  method  of  instal- 
lation are  clearly  shown  at  A.  It  will  be  observed  that  at  one  end 
of  the  coil  there  are  two  terminals,  one  marked  **Bat.,''  the  other 
''R.,"  which  are  wired  to  the  dry  cell  battery,  as  shown.  On  the 
back  of  the  coil  is  the  secondary  terminal,  clearly  outlined  at  B, 
which  runs  to  the  center  of  the  distributor.  The  magneto  shown 
is  intended  for  six  cylinder  ignition  and  therefore  has  six  distribut- 
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Tie.  112^ — ^wiring  DUgram  of  Eemy  Type  B.  Ii.  Magneto. 


216        Starting,  Lighting  and  Ignition  Systems 

ing  terminals,  to  be  connected  with  an  equivalent  number  of  spark 
plugs.  In  order  to  simplify  the  wiring  when  the  Remy  system  is 
employed,  the  primary  wire  group,  which  consists  of  three  wires, 
has  the  insulation  of  each  conductor  a  different  color.  One  is  yel- 
low, one  green,  and  the  remaining  one  red.  The  red  wire,  which  is 
attached  to  the  grounding  terminal  on  the  magneto  base,  goes  to 
the  center  terminal  on  the  side  of  the  coil  that  has  the  three  pri- 
mary terminals  and  which  \s  shown  at  B.  This  would  be  the  right 
side  if  viewed  from  the  front,  while  the  battery  terminals  are  on 
the  left  side,  if  the  coil  is  looked  at  from  the  switch  end.  The  yel- 
low wire  is  connected  to  the  contact  screw  on  the  breaker  box  and 
goes  to  the  terminal  on  the  side  of  the  coil  nearest  the  dash.  The 
green  wire  runs  from  the  screw  on  the  magneto  base  to  the  remain- 
ing terminal  on  the  coil. 

Dual  Magneto  Systems. — When  the  high  tension  magneto  was 
first  introduced  it  was  looked  upon  in  some  quarters  by  conserva- 
tive manufacturers  and  motorists  with  some  degree  of  suspicion,  as 
its  reliability  had  not  been  thoroughly  established.  Sometimes  diffi- 
culty was  experienced  in  starting  a  large  engine  directly  from  the 
magneto  because  it  could  not  be  turned  over  fast  enough  with  the 
hand  crank  to  turn  the  magneto  armature  at  suflScient  speed  to 
produce  a  strong  spark.  In  order  to  provide  an  emergency  sys- 
tem of  ignition  and  one  that  could  be  used  for  starting,  the  mak- 
ers of  high  tension  magnetos  evolved  what  are  termed  **dual  sys- 
tems.'*  The  magneto  utilized  is  practically  the  same  as  that  used 
in  the  simple  high  tension  systems,  except  that  the  contact  breaker 
had  a  battery  timer  added  which  was  used  to  interrupt  a  battery 
current.  The  reason  for  adding  the  battery  timer  and  not  using  the 
magneto  contact  breaker  was  that  a  short  contact  was  necessary  to 
obtain  satisfactory  operation  from  batteries,  which  the  regular 
magneto  contact  breaker  did  not  furnish.  As  the  writer  has  pre- 
viously explained,  the  points  of  a  magneto  contact  breaker  are  kept 
in  contact  until  interrupted  by  the  cam.  If  these  were  used  on  a 
battery  the  current  would  be  flowing  through  them  all  the  time 
they  were  in  contact,  which  would  produce  current  waste.  "With 
the  battery  timer  incorporated  on  the  contact  breaker  the  circuit  is 
established  only  at  the  instant  the  spark  is  needed  in  the  cylinder. 
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Fig.  113. — ^Wiling  Slagnm  of  SimmB-Dtqjlez  IgnlUtm  SjEUaa, 
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The  systems  shown  at  Fig.  113  are  of  Simms  design  and  are 
duplex  systems,  the  only  difference  being  in  the  number  of  ter- 
minals provided  on  the  coil.  In  the  system  at  A  four  terminals 
are  used.  In  that  at  B,  but  three  are  employed.  The  only  differ- 
ence in  the  wiring  is  the  connections  of  the  battery  terminals. 
On  the  four  terminal  coils  two  of  these  are  joined  to  the  battery. 
On  the  three-terminal  coil  the  wire  that  runs  to  point  1  of  the 
magneto,  as  shown  at  B,  also  is  joined  to  the  positive  terminal  of 
the  storage  battery. 

The  Bosch  Dual  system,  which  is  shown  at  Fig.  114,  has  six 
terminals  on  the  back  end  of  the  coil.  The  coil  is  attached  to  the 
dashboard,  as  indicated,  in  the  upper  right  hand  corner,  and  car- 
ries the  switch  and  the  starting  button  on  its  fa<;e.  The  coil  is  of 
the  vibrator  type.  The  terminals  are  all  numbered  and  the  wiring 
may  be  readily  traced,  as  the  points  to  which  they  connect  on  the 
magneto  are  numbered  to  correspond.  In  this  system,  instead  of 
using  the  usual  high  tension  pencil  connecting  the  collector  brush 
to  the  center  of  the  distributor,  the  high  tension  brush  terminal  3 
is  joined  to. a  terminal  on  the  spark  coil,  while  terminal  4  of  the 
spark  coil  is  joined  to  the  central  distributing  brush  4  of  the  mag^- 
neto.  Terminal  6  of  the  coil  is  grounded,  terminal  5  of  the  coil 
runs  to  one  of  the  battery  terminals,  the  other  one  being  grounded. 
This  leaves  terminals  1  and  2  on  the  coil.  No.  1  being  connected  to 
a  terminal  at  the  side  of  the  battery  contact  breaker,  while  terminal 
No.  2  attaches  to  a  terminal  on  the  side  of  the  magneto  contact 
breaker.  With  a  system  of  this  kind  or  with  either  of  those  shown 
at  Fig.  113,  it  is  possible  to  short  circuit  the  coil  by  pressing  in 
on  a  starting  button,  whick  makes  the  vibrator  buzz  even  if  the 
primary  contact  breaker  on  the  magneto  is  not  making  contact. 
This  permits  of  starting  the  engipe  directly  on  the  spark  when 
they  are  of  the  four  or  six  cylinder  form,  providing  they  have  liot 
been  stopped  long  enough  for  the  gas  to  leave  the  cylinders. 

Duplex  System. — The  ** duplex''  system  differs  from  the 
*'dual"  system  in  the  method  of  action.  Instead  of  using  a  sepa- 
rate battery  timer,  as  shown  at  A,  Fig.  115,  and  an  induction 
coil  having  its  high  tension  or  secondary  lead  connected  to  the 
central  distributing  brush  of  the  distributor,  the  auxiliary  brush 
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A  on  the  magneto  contact  breaker,  as  shown  at  B,  is  used,  and  the 
windii^  on  the  magneto  armature  is  used  to  intensify  the  current 
from  the  batteries  in  connection  with  a  simple  form  of  dash  coil 
having  only  a  primary  winding,  as  the  high  tension  current  is 
delivered  from  the  armature  winding  the  same  collecting  brush 
serves  to  conduct  the  secondary  current  to  the  distributor  in  either 
case,  regardless  of  the  source  of  primary  current.  The  "Duplex" 
system  will  not  furnish  ignition  if  the  armature  windings  are  de- 
fective, while  the  "Dual"  system  will.     The  latter  is  also  more 


rig.  111. — Wiring  Diagram  of  Bosch  Dual  Ignition  System. 

aiieal  of  battery  current.     The  wiring  diagrams  at  Fig,  113 
are  of  "Duplex"  systems. 

Two  Spark  Ignition. — Most  racing  and  a  few  pleasure  cars 
have  been  equipped  with  two  spark  magneto  ignition  systems,  the 
idea  being  to  secure  greater  power  and  speed  due  to  the  use  of 
two  spark  plugs  in  the  cylinder.  While  systems  of  this  kind  are 
rare,  it  may  be  well  for  the  repairman  to  become  familiar  with  the 
principles  involved  in  case  he  should  ever  be  called  upon  to  install 
a  two  spark  magneto  or  to  make  repairs  on  some  speedster  model 
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80  equipped.  When  a  magneto  is  employed  in  connection  with  two 
spark  ignition  it  is  common  practice  to  provide  two  separate  dis- 
tributors and  in  some  cases  a  double  wound  armature  having  two 
sets  of  windings  served  by  a  common  contact  breaker.  In  the 
system  shown  at  A,  Fig.  116,  a  two  spark  magneto  is  employed 


Fig.  116. — Two  spark  Uagneto  IgnltltHi  System. 

in  conneetion  with  the  simple  dash  switch  wired  as  indicated,  by 
which  one  may  obtain  the  use  of  but  one  spark  with  the  switch 
lever  in  the  position  shown  and  the  double  spark  if  the  switch  lever 
is  rocked  to  the  other  extreme,  or  on  the  line  marked  "2."  If 
the  lever  is  swung  to  the  left  or  on  a  line  with  that  indicated 
"0,"  no  spark  will  pass  through  the  engine,  as  the  magneto  will 
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be  grounded.  The  system  outlined  at  B  is  that  of  a  two  spark 
magneto  that  can  be  used  in  connection  with  a  vibrator  eoil  and 
battery,  as  in  the  dual  system  previously  described.  In  addition 
to  the  switch  on  the  coil,  a  two  point  switch  is  placed  on  the  dash 
in  order  to  obtain  single  or  double  spark  ignition  as  desired. 

Magnetic  Spark  Plag  Systems. — Other  low  tension  igmtion 
systems  have  been  devised  though  they  have  never  received  wide 
application  in  which  the  moving  mechanism  needed  to  operate  the 
igniter  plates  from  the  camshaft  have  been  replaced  with  magneti- 


Flg.  117. — How  Bemy  Two  Spai^  Magneto  is  Wired  la  Ignition  Systems. 

eally  operated  spark  plugs,  the  leading  example  of  which  is  the 
Bosch  shown  at  Fig.  118,  A.  This  consists  of  three  main  parts,  a 
supporting  member  which  screws  into  the  spark  plug  bole  in  the 
combustion  chamber,  an  electro-magnet  and  oscillating  mechanism. 
The  electro-magnet  contains  a  coil  of  wire  D,  and  is  protected  by 
a  cover  B,  and  iron  outer  shell  A.  A  cylinder  H  which  is  threaded 
at  its  lower  end  projects  into  the  coil.  A  collar  R  forms  the 
base  of  the  magnet.  The  oscillating  mechanism  consists  of  a  pole 
piece  E,  a  horse-shoe  shaped  spring  G,  and  an  armature  P.  The 
lower  part  of  the  pole  piece  is  provided  with  threads  to  fit  the 
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hollow  cylinder  H,  and  is  formed  externally  to  be  retained  in  the 
support  K  by  a  retaining  nut  or  collar  L.  The  supporting  mem- 
ber has  the  upper  half  of  hexagonal  form  the  same  as  any  spark 
plug  body  and  is  threaded  to  fit  the  spark  plug  aperture.  A 
steatite  insulating  member  J  in  connection  with  the  packing  gas- 
ket insures  against  loss  of  compression  or  explosive  pressure. 

The  operation  of  the  plug  is  very  simple,  as  when  the  terminal 
P  is  connected  to  the  source  of  current  when  the  electricity  passes 


Fig.  118. — The  Bosch-Honold  System  Magneto  Plug  at  A  and  Method  of 

Wiring  at  B. 


through  the  coil  it  magnetizes  the  core  E,  which  attracts  the  arma- 
ture F,  pivoted  on  a  knife  edge -extending  from  E  to  the  right, 
this  separating  the  contact  points  M  and  N  and  producing  a 
spark.  A  brass  plug  0  is  inserted  in  the  core  E  so  the  armature 
will  not  stick  to  the  pole  piece  due  to  magnetism.  A  spring  G 
tends  to  keep  the  points  M  and  N  in  contact.  The  point  N  is 
attached  to  the  spark  plug  body  and  is  V  shaped,  the  other  point 
on  the  armature  being  formed  to  fit  into  the  V  portion  of  M. 
The  complete  ignition  system  is  shown  in  diagram  form  at  Fig. 
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118,  B,  and  is  very  mueh  the  same  as  the  wiring  for  a  high  tension 
magneto  using  jump  spark  plugs.  In  addition  to  the  timer  or 
contact  breaker  which  is  of  the  usual  form,  the  magneto  must  in- 
clude a  distributing  device  which  will  allow  the  circuit  to  flow 
to  the  plug  in  the  cylinder  about  to  fire  a  charge.  The  distributor 
consists  of  four  contact  points  carried  by  a  body  member  of  in- 
sulating material  and  a  rotary  distributor  arm  that  makes  contact 
with  the  different  contact  points  in  turn  according  to  the  firing 
order  of  the  engine.  The  principal  trouble  apt  to  occur  with  the 
magnetic  plug  is  short  circuiting  due  to  carbon  deposits  or  ac- 
cumulations of  oil  which  will  interfere  with  prompt  action  of  the 
oscillating  armature  F.  If  the  spring  G  breaks,  the  operation  of 
the  plug  will  be  erratic  and  the  engine  will  misfire.  This  system 
has  received  but  limited  application  on  automobile  engines,  but 
has  been  used  to  some  extent  in  marine  engine  work  so  the  repair- 
man should,  at  least,  be  familiar  with  its  principle  of  operation 
in  order  to  have  a  reasonably  complete  knowledge  of  electrical 
ignition  methods. 

Impulse  Starters. — Special  forms  of  couplings,  as  illustrated 
at  Fig.  119,  may  be  used  to  drive  the  magneto  armature.  This 
provides  a  hot  spark  even  when  cranking  slowly,  as  the  armature 
speed  is  accelerated  by  a  spring  arrangement  so  the  speed  approx- 
imates that  obtained  when  the  engine  is  turning  over  under  power. 
The  device  illustrated  is  known  as  the  Eisemann  impulse  starter 
coupling.  This  may  be  attached  to  any  model  of  Eisemann  magneto 
and  is  said  to  have  no  effect  upon  its  regular  operation  except  at 
slow  speeds,  when  it  causes  the  armature  to  rotate  in  a  series  of 
jumps  instead  of  at  a  uniform  speed.  These  jumps  cause  the 
armature  to  cut  the  lines  of  force  of  the  magnets  quickly,  or  at  the 
same  speed  that  it  does  when  the  motor  is  revolving  swiftly,  so 
that  a  hot  spark  is  generated.  This  removes  any  necessity  for 
auxiliary  battery  ignition  for  starting  on  heavy  duty  motors,  for 
a  hot  fat  spark  is  generated  at  any  speed,  regardless  of  how  slowly 
the  crank  is  turned.  The  coupling  consists  of  a  driving  tube  A 
in  the  center  and  a  driven  cup  B  inclosing  the  device,  the  two 
being  connected  by  a  spring.  "Within  the  driven  cup  is  a  loose 
ring  C,  known  as  the  trigger,  this  ring  having  a  lip  which  extends 
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through  a  alot  on  the  periphery  of  the  cup.  At  the  bottom  of  the 
coupling  is  a  notched  bar,  so  positioned  that  as  the  cup  revolves  the 
notch  registers  with  the  slot  in  the  cup,  so  that  the  trigger  lip 
drops  down  by  gravity  and  thus  locks  the  cup  against  rotation. 
This  is  the  position  shown  in  the  view  at  C.  On  the  outside  of  the 
trigger  ring  is  a  cam  which  engages  a  corresponding  cam  cut  in 
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Tig.  lis. — Diagiama  Explaining  Action  of  Elaem&nn  Impulse  Starter. 


the  driving  tube.  "When  the  lip  has  engaged  the  notched  bar  and 
the  cup  ceases  to  rotate  the  driving  tube  continues  to  turn.  This 
turning  compresses  the  spring  which  is  seated  against  a  driving  pin 
on  the  tube  and  a  block  fixed  to  the  cup.  At  a  predetermined  point 
the  cam  on  the  trigger  ring  engages  that  on  the  tube,  and  lifts  the 
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trigger  far  enough  for  the  lip  to  disengage  the  BOtehed  bar,  so 
that  the  compression  of  the  spring  spins  the  enp  aroond  in  a 
clockwise  direction. 

The  magneto  annatnre  is  connected  with  the  cnp,  and  so  as  the 
cop  spins  aroond  the  armatore  is  given  a  qnick  twist,  prodocing 
a  hot  sparb.  At  slow  speed,  as  the  cnp  revolves  it  is  canght  ^ain 
and  aga^n  by  the  tri^er,  bnt  when  the  motor  fires,  the  speed  is 
so  increased  that  the  tri^er  ring,  by  its  own  weight,  becomes  a 


ling  governor,  and  centrifugal  force  keeps  it  from  dropping  down 
the  slot.  In  this  state  the  coupling  acts  as  a  dead  connection 
between  the  drive  and  the  armature,  a  small  Ing  on  the  inside  of  the 
tri^er  ring,  at  the  point  where  the  lip  jnta  out,  engaging  a 
notch  in  the  driving  tube,  and  this  providing  a  positive  drive  as 
long  as  the  speed  is  maintained.  The  device  includes  the  standard 
Oldham  coupling  for  connection  with  the  shaft,  as  shown  in  sec- 
tional view  at  A. 

Automatic  Spark  Advance.— A  sectional  view  of  a  true  high 
tenfflon  magneto,  the  Eisemann,  is  shown  at  Pig.  120.    The  spark 
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time  is  advanced  and  retarded  on  most  magnetos  by  rocking  the 
contact  breaker  back  and  forth  by  a  suitable  mechanical  connection 
with  the  spark  lever  on  the  steering  wheel.  In  the  Sisemann  mag- 
neto outlined  an  automatic  spark  control  or  advancing  mechanism, 
which  increases  the  lead  of  the  spark  as  the  engine  speed  increases, 
is  included.  The  operation  of  this  automatic  timer  is  very  much 
the  same  as  that  of  the  Delco  automatic  spark  advance,  previously 
described.  The  governor  weights  are  carried  by  a  sleeve  or  quill 
mounted   on   an   extension  of  the   armature   shaft,   which   has  a 


Fig.  121. — Sectional  Dlagnmi  Sturwing  Constrnctton  of  Hen  Gorenior 
CotipUng  to  Secure  Antomatlc  Spaik  Advance. 


rectangular  block  sliding  within  it.  This  block  is  threaded  for 
receiving  a  spirally  cut  shaft,  which  is  driven  by  direct  connection 
with  the  engine  through  some  form  of  gearing.  The  governor 
weights  are  attached  to  the  sliding  block  by  means  of  links,  and 
as  the  shaft  is  revolved  the  weights  tend  to  spread  apart,  and  as 
they  do  the  block  is  made  to  slide  in  the  quill.  In  so  moving  it 
travels  along  the  threaded  shaft,  which  results  in  slightly  rocking 
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the  block.  As  the  block  oscillates  it  carries  the  quill,  in  which  it 
works,  forward  slightly  and  also  the  armature  shaft  to  which  the 
quill  is  fixed.  The  armature  is  thus  advanced  and  also  the  com- 
mutator, which  is  attached  to  the  front  end  of  the  armature  shaft. 
As  the  speed  increases  the  governor  weights  fly  farther  out  and 
advance  the  time  of  ignition.  When  the  speed  diminishes  the 
weights  tend  to  close  up,  this  being  assisted  by  the  action  of  a  coil 
spring,  against  which  the  governor  weights  work  at  all  times.  An 
automatic  spark  advance  may  be  obtained  from  18-57  degrees  with 
this  construction. 

Herz  Governor  Coupling. — In  this  automatic  advance  coupling, 
the  driving  relation  between  the  driving  member  B  and  the  arma- 
ture driving  plate  B  is  determined  by  the  position  of  the  steel 
ball  G.  As  the  speed  increases,  the  ball  moves  outward  in  its 
guiding  groove  because  of  centrifugal  force  and  the  armature 
driving  member  is  displaced  in  its  angular  relation  to  the  driving 
plate  B  so  that  the  spark  time  is  advanced.  The  coil  spring  E 
controls  the  relative  angular  displacement  of  the  coupling  parts. 

Low  Tension  Magneto  Troubles. — Trouble  is  sometimes  ex- 
perienced with  the  low  tension  magneto,  which  is  shown  in  section 
at  Fig.  122.  The  form  shown  uses  plain  bearings  and  as  these 
require  considerable  lubricant  it  is  possible  for  the  collecting 
hrushes  or  armature  winding  to  become  oil  soaked  which  inter- 
feres with  proper  delivery  of  current.  It  is  also  important  to 
time  the  low  tension  magneto  so  the  contact  points  of  the  igniter 
plate  in  the  cylinder  will  separate  when  the  armature  of  the 
magneto  has  attained  its  position  of  maximum  current  genera- 
tion. This  will  be  considered  in  detail  in  connection  with  the  high 
tension  magneto  as  will  other  magneto  troubles,  so  it  is  not  neces- 
sary to  consider  them  at  this  time.  It  is  important  that  the  con- 
tact brush  shown  bearing  against  the  side  of  the  armature  and  the 
contact  member  A,  be  making  a  positive  connection  with  the  parts 
they  are  intended  to  bear  against.  Failure  of  the  low  tension 
magneto  to  deliver  current  is  usually  due  to  poor  contact  at  these 
points  which  may  be  produced  by  particles  of  foreign  matter  or 
which  may  result  if  the  springs  maintaining  the  parts  in  contact 
have  lost  their  elasticity.     Generally  the  trouble  is  gummed  oil 
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which  is  easily  removed  with  gasoline.  Sometimes  the  current  de- 
livered by  the  armature  short  circuits  because  of  a  cracked  or  oil 
soaked  insulator  which  carries  the  contact  rod  C.  Ignition  trou- 
bles will  also  result  if  the  wiring  to  switch  or  bus  bar  is  defective 
or  if  connections  are  loose  (Fig.  123). 

High  Tension  Magneto  Tronbles. — In  case  of  trouble  with  a 
magneto  the  point  to  be  determined,  first  of  all,  is  whether  the 
fault  is  with  the  current  generator,  if  it  is  a  true  high  tension 


fig,  122. — Sectional  View  Showing  Oonstnictlon  of  Locomobile  Low 
Tension  Magneto. 

form  or  in  the  plugs,  or  in  the  event  of  a  transformer  coil 
being  employed,  if  that  member  is  at  fault.  In  eases  where 
only  one  cylinder  is  firing  irregularly  the  fault  is  very  likely 
to  be  with  the  spark  plug  in  that  cylinder.  The  common  troubles 
of  spark  plugs  and  the  method  of  repairing  them  have  been  pre- 
viously described.  After  the  spark  plugs  have  received  atten- 
tion the  cables  must  be  tested  to  make  sure  that  the  insulation  is 
not  injured  in  any  way  or  that  the  metal  terminals  at  the  end 
of  the  cable  do  not  come  in  contact  with  any  metal  parts  of  the 
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motor  or  magneto.  If  the  ignition  fails  suddenly,  one  can  suspect 
a  short  circuit  in  the  grounding  cable,  which  is  connected  to  the 
nut  on  the  magneto  contact  hreaker  and  which  serves  for  switching 
the  ignition  off.  This  may  be  easily  ascertained  by  removing  the 
cable  from  the  magneto  and  seeing  if  its  remov^  enables  the  mag- 
neto to  run  correctly,  A  spark  leaping  the  gap  in  the  safety  de- 
vice indicates  a  broken  wire  or  one  that  has  become  disconnected 
either  from  the  plug  terminal  or  from  the  distributor  terminal. 
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Fig.  123. — Low  Tension  Ignition  System  foi  Four  Oyllnder  Motor,  UtU- 
ises  Battery  and  Uagneto  for  Onirent  Piodaction.  Note  Simple 
Wiling — All  OondoctoTs  Oonvey  Only  Low  Teuslon  Current. 

If  the  cables  and  plugs  are  in  good  condition  and  the  engine 
works  irregularly,  it  is  apparent  that  the  trouble  is  in  the  magnet 
if  it  is  an  ignition  fault.  In  event  of  this,  the  most  important  thing 
to  do  is  to  make  sure  of  the  proper  interruption  of  the  primary  cur- 
rent. The  spring  holding  the  cover  of  the  contact  breaker  in  place 
should  be  moved  sideways  and  the  brass  cover  taken  off.  It  is  then 
important  to  see  if  the  screw  holding  the  contact  breaker  to  the 
armature  shaft  is  tight.    If  this  is  found  to  be  set  up  properly  the 
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next  thing  is  to  make  sure  that  the  contact  breaker  points  are  in 
contact  when  the  bell  crank  lever  is  out  of  contact  with  the  cam 
in  the  sides  of  the  breaker  box  in  the  type  Bosch  DU-4  or  away 
from  the  fibre  cam  rollers  in  the  type  D-4.  It  is  also  important 
that  the  platinum  points  are  separated  by  the  proper  distance, 
about  .5  millimeter,  where  the  lever  C  F  at  A,  Fig.  124,  is  in 
contact  with  the  cam.  If  the  points  are  too  far  apart  they  should 
be  brought  nearer  together  by  loosening  the  lock  nut  on  the  ad- 


Flg;  124 — Constrnctdon  of  Bosch  Contact  Braaker  Made  daax  at  A. 
B — How  to  Olean  Conta<:t  Breaker  Points.  O — Bosch  Oontact 
Br«aker  Asaembly  Bemoved  from  Aimatuie.    D — ^The  Bemjr  Contact 
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justing  screw -shown  at  C,  and  screwing  it  up  to  lessen  the 
difference,  or  to  screw  it  back  and  open  the  gap  if  it  is  not  suffi- 
cient. The  platinum  contact  points  must  also  be  cleaned,  any 
dirt   or  oil  being  easily   removed,   as   shown   at  B,   by   gasoline 


squirted  on  them  from  a  small  hand  oil  can.  In  case  the  contacts 
are  uneven,  pitted  or  blackened,  they  must  be  smoothed  with  a  jew- 
eler's fine  cut  file.  After  continued  use,  if  the  platinum  points 
have  worn  down  the  platinum-pointed  screw  must  be  renewed.  It 
is  also  important  to  make  sure  that  the  high  tension  current  col- 
lecting brush  is  in  contact  with  the  eoUeetor  ring,  and  that  the 
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conducting  pencil  makes  proper  contact  with  the  brush,  against 
which  it  bears.  The  interior  of  the  distributor  must  be  clean  and 
free  of  metallic  or  carbonaceous  matter.  The  distributing  brush 
must  bear  positively  against  the  distributor  section  and  the  in- 
terior of  the  distributor  should  be  smooth  and  all  contacts  clean 
and  bright. 

Mention  has  been  previously  made  of  making  sure  that  the 
screvir  which  keeps  the  contact  breaker  assembly  in  proper  relation 
with  the  armature  shaft  is  tight,  which  calls  for  careful  examina- 
tion. If  this  screw  is  loose,  the  contact  breaker  assembly  will  not 
move  in  proper  timed  relation  with  the  armature;  in  fact,  it  may 
not  move  at  all,  which  will  prevent  the  contact  point  from  separat- 
ing and  which  will  also  result  in  failure  of  the  ignition.  If  every- 
thing appears  to  be  all  right  about  the  magneto,  the  timing  should 
be  verified  to  make  sure  that  the  spark  is  occurring  at  the  right 
time  in  the  engine  cylinders.  It  is  easy  to  tell  if  the  magneto  is 
producing  a  spark  of  proper  intensity  by  uncoupling  a  spark  plug 
conductor  and  holding  it  a  short  distance  away,  not  more  than 
J^"  from  the  terminal.  If  a  magneto  is  functioning  properly  a 
spark  will  jump  the  air  gap  thus  created. 

At  Fig.  124,  D,  the  contact  breaker  and  distributor  construction 
of  the  Eemy  magneto  is  shown.  It  will  be  observed,  in  this  case, 
that  the  contact  breaker  assembly  does  not  rotate,  as  in  the  Bosch, 
but  that  a  rotating  two-point  cam  is  attached  to  the  armature  shaft 
and  interrupts  the  contact  between  the  points  P  by  bearing  against 
the  end  of  the  bell  crank  CP.  The  instructions  given  for  care  of 
the  Bosch  magneto  apply  just  as  well  to  this  device.  Eealizing  the 
importance  of  having  the  gap  between  the  contact  breaker  points 
of  the  proper  amount,  the  magneto  manufacturers  furnish  gauges 
which  are  to  be  used  for  testing  this  gap.  That  shown  at  Fig. 
126,  A,  is  for  use  with  the  Eisemann  magneto.  With  the  contact 
breaker  removed,  as  indicated  at  B,  the  contact  points  C-4  should 
be  together  as  indicated.  When  the  gauge  is  inserted  in  the  hole 
C-7  it  will  indicate  the  correct  amount  the  point  should  be  sepa- 
rated. The  gauge  at  Fig.  126,  C,  is  merely  a  piece  of  thin  sheet 
steel  of  the  proper  thickness  which  is  used  as  indicated  when  the 
points  are  separated  by  the  bell  crank  lever  riding  on  the  cam  block. 
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Eecharging  Weak  Magnets. — After  a  high  tension  magneto 
has  been  in  use  for  a  time  the  magnets  lose  their  strength  and  it 
is  necessary  to  rechai^e  them  in  order  to  restore  the  magneto  to 
its  full  efficiency.    "When  magnets  are  weak  the  resulting  secondary 


^ 
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spark  will  also  be  weak  and  the  motor  will  not  run  regularly,  no 
matter  how  carefully  the  device  is  adjusted.  If  the  motor  does  run 
without  misfiring  it  will  not  develop  its  full  power  if  the  magnets 
are  weak.  An  electro-magnet  designed  to  operate  on  110-volt  cur- 
rent is  shown  at  Fig.  127,  A.  The  core  is  of  soft  iron,  1"  in  di- 
ameter and  8j^"  long.  They  are  drilled  at  the  bottom  for  a  retain- 
ing screw,  which  is  intended  to  keep  them  in  contact  with  a  base 
plate  of  steel  4j4"x9".  Two  blocks  of  steel  Ij4"x2"x4"  are 
drilled  to  receive  the  cores,  and  have  set  screws  in  the  side  so  they 
can  be  clamped  tightly  against  the  core  to  form  polepieces.  A 
brass  tube  about  y^^"  thick  at  the  side,  having  flanges  at  each  end 
projecting  over  to  hold  fiber  insulating  plates  as  shown,  may  be 
turned  to  the  dimensions  indicated  in  a  lathe  or  may  be  made  up 
of  sheet  stock  if  desired.  The  hole  through  the  center  of  the  brass 
spool  is  of  such  size  as  to  permit  the  core  to  fit  freely  in  its  interior. 
Besides  thijs  equipment,  22  lbs.  of  No.  20  B.  &  S.  gauge  insulated 
copper  wire  will  be  needed.  Eleven  pounds  is  wound  around  each 
brass  tube,  winding  one  coil  in  one  direction  and  the  other  the 
opposite  way.  Leave  about  6"  of  wire  when  starting  to  wind  the 
coil  in  order  to  make  a  connection  between  them.  After  both  coils 
have  been  wound  shellac  them  thoroughly  and  wind  insulating  tape 
over  the  outside.  The  cores  are  then  fastened  to  the  iron  base 
plate,  the  coils  are  slipped  over  the  cores  and  the  pole  pieces  at- 
tached to  keep  the  coils  in  place.  The  view  of  the  completed  mag- 
net is  clearly  shown  in  the  assembly.  This  can  only  be  used  with 
110  volts  direct  current. 

Before  recharging  the  generator  magnet  it  is  important  to  test 
the  polarity  of  the  electro-magnet,  as  the  north  pole  of  the  magnet 
to  be  charged  must  be  brought  in  contact  with  the  south  pole  of 
the  electro-magnet  and  vice  versa.  It  is  not  difficult  to  ascertain 
the  polarity  by  using  an  ordinary  compass  or  magnetic  needle,  the 
marked  pole  of  which  will  point  toward  the  north.  Once  the 
polarity  has  been  determined  the  poles  may  be  marked  in  any  de- 
sired way,  usually  by  stamping  the  north  pole  N  and  the  south 
pole  S.  Another  magnet-charging  device,  which  was  described  in 
the  Commercial  Motor,  utilizes  storage  batteries  as  a  source  of 
magnetizing  current.    The  magnets  are  composed  of  soft  iron  core 
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Fig.  127. — Magnet  Becharging  DevlceB. 


pieces  about  6"  long  and  1"  in  diameter.  The  base  is  constructed 
of  mild  steel  plate,  the  cores  being  fastened  to  the  plates  by  screws 
or  by  turning  down  the  end  of  the  core  and  threading  it  to  fit  the 
hole  in  the  base  plate.  Before  screwing  down  the  core  pieces  they 
are  wound  with  No,  22  gauge  insulated  wire,  the  ends  being  left 
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free.  The  wires  are  connected  up  to  a  pair  of  storage  batteries,  aa 
ahown,  and  the  latter  are  so  connected  up  that  the  polarity  of  the 
soft  iron  cores  are  north  and  south  respectively.  Enough  of  the 
wire  is  wound  on  to  have  coils  of  about  2"  in  diameter.  If  the 
core  shows  signs  of  over- 
heating,  low-voltage 
lamps  should  be  placed 
in  the  circuit  to  intro- 
duce some  resistance. 
The  voltage  of  the  lamp 
to  he  used  depends  en- 
tirely upon  the  voltage 
of  the  battery  used  to 
energize  the  magnet.  It 
is  stated  that  the  mag- 
nets will  be  charged  if 
they  are  merely  placed 
in  contact  with  the  ener- 
gized cores  until  they 
have  absorbed  sufficient 
magnetism  to  enable 
them  to  sustain  a  weight 
of  20  lbs.,  after  which 
they  are  ready  to  be 
replaced  on  the  mag- 
neto. This  is  shown  at 
Pig.  127,  B. 

The  illustration  at  C, 
Fig.  127,  shows  the 
Seanor  garage  magnet 
charging  outfit,  which  is  claimed  to  charge  the  magnet  in  one 
minute.  From  the  exterior  view  of  the  device  it  will  be  evident 
that  it  consists  of  a  base  upon  which  are  mounted  two  solenoid 
coils  carried  in  square  boxes.  The  magnets  to  be  charged  are  in- 
serted through  the  center  of  these  coils  during  the  energizing 
process.  In  order  to  accommodate  a  horseshoe  magnet  of  any 
spread,  one  of  the  coil  boxes  is  mounted  so  the  distance  between  the 
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two  openings  is  altered  if  desired.  As  ordinarily  constructed,  the 
windings  are  wound  for  6  volts  and  20  amperes.  In  charging  a 
magnet  the  ends  of  the  horseshoe  are  brought  up  against  an  iron 
core  of  the  coil  in  such  position  that  the  magnet  is  attracted  and 
not  repelled  by  the  core.  The  magnet  is  then  pushed  through  the 
apertures  in  the  centers 
of  the  coil  boxes,  taking 
the  place  of  the  iron 
core,  which  is  slow^ly 
pushed  out.  The  cur- 
rent is  then  connected 
for  merely  the  length  of 
time  required  in  touch- 
ing one  of  the  terminals 
of  the  wire  to  the  bind- 
ing post  two  or  three 
times.  A  keeper  is  then 
laid  across  the  part  of 
the  magnet  arch  which 
projects  beyond  the  coil 
boxes,  and  with  the 
keeper  still  in  place  the 
magnet  is  replaced  on 
the  magneto.  It  is 
stated  that  a  freshly 
charged  Tungsten  steel 
magnet  of  a  large  mag- 
neto will  lift  in  the 
Pig.  129— HOW  to  TMt  Magneto  with  Spcirfc  neighborhood  of  20  lbs. 
PldgB  Under  Air  Fressnie.  ■,■•■,  ■      ■, 

as  ordinarily  energized 

by  the  magneto  manufacturer.  It  is  stated  that  with  this  device* 
the  magnet  pull  can  be  increased  to  30  lbs.,  which,  of  course, 
means  a  stronger  magnetic  field  when  reassembled  on  the  magneto. 
The  strength  of  a  repaired  magneto  can  be  easily  tested  by  the 
simple  device  shown  at  Fig.  129.  Spark  plugs  are  screwed  into  an 
air-tight  box  with  glass  cover  and  air  is  pumped  into  the  box  so  that 
a  pressure  of  100  pounds  is  shown  on  gauge.    The  spark  plugs  are 
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connected  to  the  distributor  contacts.    The  armature  is  revolved  by 

any  suitable  means  and  sparks  should  jump  the  spark  plug  air  gaps. 

Application  of  Tjrpicftl  Magneto  Forma. — The  usual  method 

of  installing  a  magneto  is  to  place  it  on  a  bracket  fastened  to  the 


Fig.  130. — ConrentionEiI  Methods  of  Placing  and  Driving  Magnetos.  A — 
STBtem  TTsed  on  Begal  Engines.  B — ^Magneto  Driven  from  Fump 
Sluift  Eztonsloii. 

engine  base  so  the  contact  breaker  and  distributor  will  be  handy 
for  immediate  inspection  or  adjustment.  It  is  desirable  to  place 
the  device  on  the  inlet  side  of  the  engine  and  as  far  away  from  the 
exhaust  piping  as  possible,  because  of  the  excess  heat  which  exists 
at  this  point  is  liable  to  injure  the  insulation  of  the  windings. 
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Methods  of  installation  which  are  typical  of  conventional  practice 
are  shown  at  Fig.  130.  At  A  the  magneto  is  placed  on  a  cast  bracket 
formed  integral  with  the  top  half  of  the  engine  base  and  is  driven 
from  the  timing  case  at  the  front  of  the  engine  by  a  length  of 
shaft.  At  B  the  magneto  is  also  housed  at  the  rear  end  and  is 
carried  on  a  base  plate  formed  integrally  with  one  of  the  crank-case 
supporting  arms.  The  drive  is  by  an  extension  of  the  pump  shaft, 
that  member  being  driven  by  suitable  gearing  in  the  cam-shaft 
timing  gear  casing. 

Gear  drive  is  the  best  method  of  driving  a  magneto  armature 
and  direct  spur-gear  connection  is  better  than  either  bevel  or  spiral 
gear  trains  because,  it  is  the  best  wearing  form  of  gearing.  Silent 
chains  may  be  used  for  driving  if  some  form  of  adjustment  is  pro- 
vided to  compensate  for  chain  stretch.  When  a  magneto  is  driven 
by  a  shaft,  as  shown  at  Fig.  132,  A  and  B,  it  is  customary  to  pro- 
vide some  sort  of  a  universal  joint  or  Oldham  coupling  between  the 
armature  and  the  driving  member  in  order  that  any  inaccuracies 
in  alignment  of  the  driving  shaft  will  not  stress  the  ball  bearings 
supporting  the  armature.  It  is  desirable  to  protect  the  instrument 
from  oil  or  water  by  placing  it  in  a  case  of  fiber  or  leather,  and  in 
modern  types  the  contact  breaker  and  distributor  housings  are 
closed  by  easily  removed  and  yet  practically  dust-tight  coverings. 

Metallic  or  carbon  particles  and  dirty  oil  may  cause  internal 
short  circuiting  and  it  is  desirable  to  have  the  contact-maker  case 
and  the  distributor  cover  arranged  in  such  a  way  that  they  may 
be  easily  reached  for  cleaning.  Modern  magnetos  are  usually 
secured  in  some  way  that  will  permit  a  ready  removal.  In  that 
shown  at  A,  Fig.  130,  a  number  of  through  bolts  are  screwed  from 
the  under  side  of  the  bracket  into  the  magneto  base  and  it  is  neces- 
sary to  remove  these  before  the  magneto  can  be  lifted  off  its 
support.  The  method  shown  at  Fig.  130,  B,  is  preferable  as  the 
ignition  device  may  be  removed  from  the  base  by  slackening  one 
nut  on  the  hinge  bolt  which  keeps  the  metallic  strap  tight,  thus 
holding  the  magneto  in  place. 

Various  other  methods  of  utilizing  strap  members  are  shown  at 
Fig.  133.  In  that  shown  at  A  the  strap  is  made  in  two  pieces  and 
is  held  together  at  the  top  by  a  clamp  bolt.    The  method  of  securing 
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a  magneto  shoim  at  B  is  practically  the  same,  except  that  the 
retention  member  is  a  small  knob  which  can  be  easily  turned  by 
the  hand.  At  C  the  strap  encircles  the  magneto  completely  and 
is  held  in  place  by  a  single  nut  under  the  bracket.    A  modification 


Fig.  131. — How  Magneto  la  Installed  on  1916  JeSery  Four  Power  Plant. 

of  this  method  is  depicted  at  D.  The  strap,  in  this  instance,  is 
just  bent  over  the  arch  of  the  magnets  and  held  in  place  by  the 
long  swinging  bolt  which  is  hinged  at  the  bottom  of  the  magneto. 
One  of  the  simplest  methods  of  driving  a  magneto  is  that  shown 
at  Fig.  17  (Chap.  I),  which  is  a  bottom  view  of  the  Ford  engine 
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case.  The  stationary  coils  of  the  magneto  are  attached  to  the 
jerank  case,  and  the  revolving  magnets  rotate  with  the  fly  wheel, 
which  in  turn  is  securely  attached  to  the  crank  shaft.  With  this 
form  of  drive  there  can  be  no  interruption  in  current  generation 
and  there  are  no  gears,  chains,  or  other  connections  to  wear  and 
produce  noise  or  interfere  with  generation  of  current. 

When  the  magneto  was  first  introduced  it  was  looked  upon  with 
suspicion  by  the  motoring  public.  Therefore  some  designers  com- 
promise and  furnish  two  separate  systems,  one  composed  of  a 
magneto,  the  other  an  auxiliary  group  comprising  a  battery,  timer 
and  coil,  which  supply  the  current  to  a  set  of  spark  plugs  distinct 
from  those  supplied  from  the  magneto.  It  was  found  difficult 
with  some  types  of  magnetos  to  start  the  engine  directly  from 
magneto  current  so  the  battery  outfit  was  depended  upon  for 
starting  the  engine  as  well  as  emergency  service.  The  parts  of  the 
modern  high-tension  magneto  have  been  simplified  and  strength- 
ened and  as  the  various  parts  may  be  removed  easily  and  replaced 
without  trouble  and  special  care  taken  so  the  adjustments  and 
cleaning  necessary  may  be  easily  understood  by  the  layman,  there 
is  very  little  liability  at  the  present  time  of  a  magneto  giving  out 
withoiiit  warning. 

When  a  magneto  is  installed  some  precautions  are  necessary 
relating  to  wiring  and  also  the  character  of  the  spark  plugs  em- 
ployed. The  conductor  should  be  of  good  quality,  have  ample 
insulation  and  be  well  protected  from  accumulations  of  oil  which 
would  tend  to  decompose  rubber  insulation.  It  is  customary  to 
protect  the  wiring  by  running  it  through  the  conduits  of  fiber  or 
metal  tubing  lined  with  insulating  material,  as  shown  at  Fig.  134. 
Multiple  strand  cables  should' be  used  for  both  primary  and  sec- 
ondary wiring  and  the  insulation  should  be  of  rubber  at  least  %q 
inch  thick. 

The  spark  plugs  commonly  used  for  battery  and  coil  ignition 
cannot  always  be  employed  when  a  magneto  is  fitted.  The  current 
produced  by  the  mechanical  generator  has  a  greater  amperage  and 
more  heat  value  than  that  obtained  from  transformer  coils  excited 
by  battery  current.  The  greater  heat  may  burn  or  fuse  the  slender 
points  used  on  some  battery  plugs  and  heavier  electrodes  are  needed 
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Fig.  132. — Typical  MagneW  InBtaHaUfms.    A — BimmB  Magneto  on  Uax- 
well  Motor.    B — ^Boscli  D  U  1  on  WUte  "45"  Engine. 
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to  resist  the  heating  effect  of  the  more  intense  arc.  While  the 
current  has  greater  amperage  it  is  not  of  as  high  potential  or 
voltage  as  that  commonly  produced  by  the  secondary  winding  of 
an  induction  coil,  and  it  cannot  overcome  as  much  of  a  gap.  Man- 
ufacturers of  magneto  plugs  usually  set  the  spark  points  about  %4 
of  an  inch  apart.  The  most  eflBcient  magneto  plug  has  a  plurality 
of  points  so  that  when  the  distance  between  one  set  becomes  too 
great  the  spark  will  take  place  between  one  of  :the  other  pairs  of 
electrodes  which  are  not  separated  by  so  great,:an  air  space. 

Timing  Magneto  Ignition  Systenis. — An  ideal  method  of  mag- 
neto placing  and  one  followed  by  a  large  number  of  manufacturers 
is  shown  at  Fig.  132,  B.  In  this  the  device  is  fitted  to  a  four-cylinder 
engine,  and  as  the  armature  must  be  driven  at  the  same  speed  as 
the  crankshaft,  it  is  necessary  to  use  but  one  extra  gear,  that  being 
the  same  size  as  the  engine  shaft  pinion  and  driven  by  the  cam- 
shaft speed  reduction  gear.  The  sketch.  Fig.  135,  illustrates  the 
best  method  of  timing  the  magneto,  which  is  one  of  the  direct 
high-tension  type.  The  position  of  the  various  parts  is  clearly 
shown.  Having  fixed  the  magneto  to  the  engine  crankcase,  the 
driving  pinion,  or  one  of  the  members  of  a  flange  or  Oldham 
coupling,  is  put  loosely  on  the  tapered '^d  of  the  armature  shaft, 
and  the  cover  to  the  distributor  and  *the  dust  cover  of  the  contact 
breaker  are  removed  to  allow  one  to  control  the  position  of  the 
armature.  The  motor  is  now  turned  over  by  hand  so  the  piston 
in  the  first  cylinder  is  at  top  center,  which  can  be  determined 
either  by  watching  the  ^crankshg^ft  through  a  suitable  opening  in 
the  engine  base,  by  reading  the.  marks  on  the  flywheel  rim,  or  by 
inserting  a  wire  through  a  compression  relief  petcock  or  spark 
plug  hole,  if  either  of  these  is  at  the  top  of  the  cylinder. 

The  armature',  of  the  magneto  is  then  brought  to  the  position 
indicated  in  sketch,  which  represents  the  fitting  of  a  magneto 
that  is  turning  clockwise  when  viewed  from  the  driving  end.  The 
distance  between  the  end  of  the  armature  and  the  pole  piece  should 
be  between  14  and  17  mm  or  between  .5511  inch  and  .6692  inch. 
(See  Fig.  95.)  This  represents  an  advance  of  about  .5  inch  on  a 
motor  with  a  five-inch  stroke.  A  graphic  chart,  prepared  by  the 
Bosch  Company  and  reproduced  at  Fig.  136,  shows  the  relation 
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Fig.   133. — Simple  Methods  of  Holding  Magnetos  in  Place  on  Engine 
Base  to  Permit  of  Easy  Removal  of  Apparatus  when  Desired. 
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between  piston  travel  and  cranishaft  movement  for  engines  of 
different  strokes  very  clearly.  The  armature  is  uncovered  by  re- 
moving the  flat  casing  cover  lying  between  the  horseshoe  mag- 
neta,  this  often  carrying  the  safety  spark  gap,  and  normally  serv- 
ing as  a  lid.  If  earlier  timing  be  desired  for  any  special  purpose 
the  gap  may  be  widened  a  trifle,  if  it  be  thought  the  timing  is  too 


aPARK-Fl^OSS 


far  advanced,  the  gap  may  be  lessened.  The  contact  breaker  is 
fully  advanced  at  this  time  and  the  contact'  points  are  just  about 
to  separate.  Having  placed  everything  in  position  as  described, 
tighten  the  coupling  on  the  taper  shaft  and  ream  out  for  a  small 
taper  pin. 

The  connections  to  the  various  cylinders  must  be  made  in  the 
order  they  fire  (see  following  tabulation).  "When  the  cover  to  the 
distributor  is  off,  see  at  which  segment  the  brush  is  contacting. 
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The  wire  to  the  spark  plug  in  the  first  cylinder  is  then  led  to  the 
terminal  corresponding  to  this  segment.  Then  the  plug  in  the 
cylinder  that  is  next  to  Sre  is  coupled  to  the  next  segment,  and 
so  on.  The  numbers  on  the  distributor  show  the  order  in  which 
the  various  contacts  are  brought  in  contact  with  the  rotating  dis- 
tributing brush,  and  not  that  in  which  the  cylinders  fire.  In  the 
sketch  the  cylinders  fire  1-2-4-3.     Therefore,  the  segment  num- 
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Fig.  136. — ^Boscli  Chart  for  Determining  Advance  with  Various  Piston 

Strokes. 

ber  3  is  coupled  to  the  plug  in  cylinder  4,  and  the  segment  4  is 
connected  to  the  plug  in  cylinder  3,  which  is  thus  the  last  to  fire 
if  the  explosion  takes  place  first  in  cylinder  1.    The  direction  of 
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the  distributor  brush  rotation,  if  driven  by  the  usual  form  of  gear- 
ing, is  opposite  to  that  of  the  magneto  armature.  Obviously,  if 
one  cylinder  is  timed  correctly,  the  remaining  members  will  also 
fire  at  the  proper  time  in  the  cycle  of  operations.  The  positions 
of  the   armature,   distributing   brush,   contact   breaker   cam   and 


Tig.  137. — Explaining  Metliod  of  Timing  SpUWorf  Magneto. 

engine  piston  are  easily  ascertained  by  inspection  of  drawing.    The 
methods  of  timing  Splitdorf  magnetos  are  shown  at  Pig.  137, 

Firing  Order  of  Typical  Engfines. — The  following  information 
relative  to  timing  of  leading  1914  and  1915  models  of  American 
manufacture  will  prove  of  great  value  to  the  repairman  called 
upon  to  repair  many  different  makes  of  cars.  It  is  well  to  remem- 
ber, if  the  firing  order  is  not  known,  that  it  can  be  easily  determined 
by  following'  the  inlet  valve  movements  in  the  cylinders  and  noting 
the  order  of  opening  of  these  members. 
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ABBOTT-DETROIT. 

34-40  AND  44-50 — Fibing  Obdeb  1-3-4-2. 

Belle  Isle — Fibing  Obdeb  1-5-3-6-2-4. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded.    Full  advance, 
spark  occurs  with  crankshaft  13  degrees  ahead  of  dead  centre.     Contact 
point  gap  .018  inch. 

ALLEN. 
40 — Fibing  Obdeb  1-2-4^. 
Magneto  Setting — Piston  top  dead  centre,  lever  fully  retarded. 

AMERICAN. 

Scout — Fibing  Obdeb  1-3-4-2. 

644,  646  and  666 — Fibing  Obdeb  1-5-3-6-2-4. 
Magneto  Setting — ^Three-quarter  inch  after  dead  centre  on  flywheel. 

ARBENZ. 

Fibing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  .03125  inch  late,  lever  fully  retarded. 

AUBURN. 

4-40. AND  4-41 — Fibing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  .03125  inch  late,  lever  fully  retarded. 

6-46  AND  6-45 — Fibing  Obdeb  1-4-2-6-3-5. 
Hagneto  Setting — Piston  top  dead  centre,  lever  fully  retarded. 


PUICK. 

B  24,  25,  36,  37  anet  38— Fibing  Obdeb  1-3-4-2. 
,  Delco— With  timer  cam  fully  retarded,  spark  occurs  40   degrees  past 
upper  dead  centre  on  firing  stroke.     With  hand  spark  lever  half-way  ad- 
vanced, spark  occurs  at  approximately  top  dead  centre. 

B  55 — Fibing  Obdeb  1-4-2-6-3-6. 
Delco — ^Piston  dead  centre  with  timer  fully  retarded. 
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Fig.  138. — ^Typical  Firing  Orders  of  Eight  Cylinder  V  Engine. 
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CASE. 

25  R  AND  3&  S — FiMNG  Obdeb  1-3^-2. 

Magneto  Setting-^One  thirty-second  inch  before  top  dead  centre. 

40  O— Firing  Obdee  1-3-4-2. 
Magneto  Setting — One-sixteenth  inch  after  top  dead  centre. 

CHALMERS. 

24 — FiBiNG  Obdeb  1-4-2-6-3-5. 

Magneto  Setting — One  and  one-half  inches  past  centre,  lever  fully  re- 
tarded. 

CHANDLER. 

Six — FiBiNG  Obdeb  1-5-3-6-2-4. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

COLE. 

FouB — FiBiNG  Obdeb  1-3-4-?. 
Six — FiEiNG  Obdeb  1-5-3-6-2-4. 

Delco — Piston  dead  centre,  distributor  fully  retarded. 

CONTINENTAL. 

27 — FiBiNG  Obdeb  1-3-4-2. 
Magneto  Setting — Three-quarter  inch  after  dead  centre  on  flywheel. 

GLIDE. 

36  AND  30 — FiBiNG  Obdeb  1-3^-2. 
Westinghouse — Piston  top  dead  centre. 

GRANT. 

M — FiBiNG  Obdeb  1-3-4-2. 

Magneto  Setting — Lever  fully  advanced,  piston  .3125  inch  before  top 
dead  centre. 

HAYNES. 

28 — FiBiNG  Obdeb  1-3-4-2. 
Magneto  Setting — One  sixty-fourth  inch  advanced  on  down  stroke. 

26  AND  27 — FiMNO  Obdeb  1-4-2-6-3-5. 

Magneto  Setting — One  sixty-fourth  inch  advanced  on  down  stroke. 
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HUDSON. 
6-40  Airo  e-54 — ^Fibinq  Obdeb  1-5-3-6-2-4. 

HUPMOBILE. 

32 — ^FiBiNG  Obdeb  1-2-4-3. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

IMPERIAL. 

34  F  B,  32  AND  34  4  M— Fibing  Obdeb  1-2-4-3. 
64  AND  44-6 — Fibing  Obdeb  1-5-3-6-2-4. 

Magneto  Setting — Points  break  with  piston  on  dead  centre. 

INTERSTATE. 
45 — Fibing  Obdeb  1-5-3-6-2-4. 

JACKSON. 

Majestic  and  Olympic — Fibing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  .125  inch  before  top  centre. 

SuLTANic — Fibing  Obdeb  1-5-3-6-2-4. 
Magneto  Setting — Piston  .125  inch  before  top  centre. 

JEFFERY. 

93 — Fibing  Obdeb  1-3-4-2. 
96 — ^FiMNG  Obdeb  1-4-2-6-3-5. 

Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

KEETON. 
F — Fibing  Obdeb  1-5-3-6-2-4. 
Magneto  Setting — Points  break  6.5  degrees  before  centre. 

KING. 

B — Fibing  Obdeb  1-3-4-2. 

Magneto  Setting — Points  break  with  lever  fully  retarded  from  centre 
to  .5  inch  past  on  flywheel. 

KNOX. 

44  AND  45 — Fibing  Obdeb  1-3-4-2. 

Magneto   Setting — Piston   .75   inch   before   top   centre,   lever   fully   re- 
tarded.    Battery,  piston  .375  inch  before  top  centre. 
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KBIT. 

L — FiBiNG  Obdeb  1-3^1-2. 

Magneto  Setting — Piston  .125  inch  before  top  dead  centre,  lever  fully 
retarded. 

LEWIS. 

Six — FiEiNG  Obdeb  1-5-3-6-2-4. 

Magneto  Setting — Piston  top  dead  centre,  lever  fully  retarded.     Full 
advance  equals  .234375  inch  of  piston  stroke. 

LOCOMOBILE. 

48  LD  AND  RD,  38  RD  and  LD— Fibing  Obdeb  1-5-3-6L2-4. 

Magneto  Setting — ^Three-eighths  to    .4375   inch   before  top   dead   centre, 
lever  fully  advanced. 

LOZIER. 

FouB — Fibing  Obdeb  1-3-4-2. 
77 — Fibing  Obdeb  1-4-2-6-3-6. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

LYONS-KNIGHT. 

K4 — Fibing  Obdeb  1-3-4-2. 

Magneto  has  six-inch  range  on  20-inch  flywheel  from  one  inch  past  centre 
to  five  inches  before. 

MAXWELL. 

26-4  and  36-4 — Fibing  Obdeb  1-3-4-2. 

60-6 — Fibing  Obdeb  1-4-2-6-3-6. 

Magneto  Setting — Points  break  with  piston  on  dead  centre,  lever  fully 
retarded. 

MOLINE-KNIGHT. 

26-50 — Fibing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  top  dead  centre. 

MOON. 

42 — Fibing  Obdeb — 1-3-4-2. 
6-60 — FiMNG  Obdee  1-6-3-6-2-4. 
Deleo-— Spark  breaks  on  centre  in  retarded  position. 
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NATIONAL. 

40 — FntiNo  Obdeb  1-3-4-2. 

Magneto  Setting — Piston  .0625  inch  past  top  dead  centre,  lever  fully 
retarded. 

Six — FiBiNG  Order  1-5-3-6-2-4. 

Magneto  Setting — ^Piston  .125  inch  before  top  dead  centre,  lever  fully 
retarded. 

NORWALK 

C  AND  D — Firing  Order  1-4-2-^-3-6. 

Atwater  Kent — Piston  is  .093  inch  past  centre  with  distributor  set  at 
retard. 

OLDSMOBILE. 

« 

54 — Firing  Order  1-5-3-^-2-4. 

Delco— Spark  occurs  at  piston  dead  centre  with  hand  spark  lever  fully 
retarded  or  .390625  before  dead  centre  with  lever  fully  advanced. 

OVERLAND. 

79 — Firing  Order  1-3^4-2. 

Magneto  Setting — One  and  one-quarter  inches  after  dead  centre  (fly- 
wheel), lever   fully   retarded. 

PACKARD. 

2-38 — Firing  Order  1-4-2-6-3-6. 
Magneto  Setting — Piston  .5  inch  before  top  centre,  lever  fully  advanced. 

PAIGE. 

25  and  36 — Firing  Order  1-3-4-2. 

Magneto  Setting — Place  No.  4  piston  on  top  dead  centre  (Compression 
stroke).     Points  should  just  begin  to  break. 

PIERCE- ARROW. 

Sixes — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — ^Magneto  mark  on  flywheel  should  be  4.8125  inches 
ahead  of  1  and  6  top  centre  and  1  showing  in  timing  window.  Piston  is 
.5  inch  before  top  dead  centre  of  33  degrees  of  crank  circle.  Battery 
spark  occurs  with  piston  2.125  inches  before  top  dead  centre  or  75  degrees 
of  crank  circle  with  spark  lever  fully  advanced. 
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PILOT. 

60 — FiMNG  Obdeb  1-3-4-2. 
60 — FiBiNQ  Obdeb  1-6-3-6-2-4. 

Magneto  Setting — Points  break  with  lever  fully  retarded  and  piston  on 
dead  centre. 

POPE-HARTFORD. 

35 — FiBiNG  Obdeb  1-2-4-3. 

Magneto  Setting — ^Piston  top  dead  centre.    Maximum  advance  of  magneto 
.6  inch  on  piston  travel. 

PREMIER. 

6-48  AND  Weidely — FiBiNG  Obdeb  1-4-2-6-3-6. 
Magneto   Setting — Piston    dead   centre,   lever   fully   retarded. 

REGAL. 

C,  T,  N  AND  NO — FiBiNG  Obdeb  1-2-4-3. 
Magneto  Setting — Piston  top  dead  centre,  lever  fully  retarded. 

REO. 

Fifth — Fibing  Obdeb  1-3-4-2. 

Remy  System — Piston  top  dead  centre  when  indexing  button  on  distri- 
butor engages. 

SAXON. 

A — Fibing  Obdeb  1-3-4-2. 
Atwater  Kent — Piston  dead  centre,  distributor  fully  retarded. 

SIMPLEX. 

38  AND  50 — Fibing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  .015625  inch  before  top  dead  centre. 

75 — Fibing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  dead  centre  or  slightly  after. 

SPEEDWELL. 

H— Fibing  Obdeb  1-6-3-6-2--4. 
Magneto  Setting — Points  break  with  piston  at  top  dead  centre. 

RoTABY — Fibing  Obdeb  1-6-3-6-2-4. 
Magneto  Setting — One-sixteenth  inch  after  top  dead  centre,  lever  fully 
retarded. 
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STEARNS-KNIGHT. 

FouB — Firing  Order  1-2-4-3. 
Six — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — Piston  top  dead  centre,  points  breaking. 

STEVENS-DURYEA. 

C  6 — Firing  Order  1-4-2^6-3-5. 

Magneto  Setting — Figure  1  showing  in  timing  window,  25  degrees  before 
top  dead  centre  (flywheel). 

STUDEBAKER. 

Four — Firing  Order  1-3-4-2. 
Six — Firing  Order  1-5-3-6-2-4. 

Remy  System — Spark  occurs  .75  inch  after  top  dead  centre. 

VELIE. 

6  AND  9 — Firing  Order  1-3-4-2. 
10 — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — Piston  top  dead  centre. 

WINTON. 

Six — Firing  Order  1-5-3-6-2-4. 
Magneto  Setting — Piston  .125  inch  after  top  dead  centre,  lever  fully  re- 
tarded and  points  breaking. 


CHAPTER   IV 

ELEMENTAEY    ELECTEIC    STAETEE    PEINCIPLES 

Types  of  Self -Starters  Defined — One  Unit  Systems — Two  Unit  Systems — 
Three  Unit  Systems — Parts  of  Systems  and  Functions — Generator 
Types — Current  Eegulating  Means — Methods  of  Cranking  Engine — 
Starting  Switches — ^Indicators — Eoller  Clutches — ^Miscellaneous  Devices. 

Electric  lighting,  cranking  and  ignition  systems  for  motor  cars 
are  of  such  recent  development  that  it  is  not  possible  to  describe 
all  systems  used  for  this  purpose.  Not  only  do  the  individual 
systems  vary  in  detail,  but  the  components  of  the  same  system  are 
often  of  different  construction  when  used  on  cars  of  different 
makes.  The  standard  equipment  must  include  three  important 
functions,  namely,  the  generator  which  is  driven  by  the  engine 
end  which  produces  electric  current  to  keep  a  storage  battery- 
charged,  and  the  starting  motor  which  is  in  mechanical  connec- 

4 

tion  with  the  engine  and  in  electrical  connection  with  the  storage 
battery  when  it  is  desired  to  turn  the  engine  over  for  starting. 
If  the  motor  and  generator  are  combined  in  one  instrument  the 
starting  system  is  known  as  a  one  unit  type.  If  the  motor  is  one 
appliance  and  the  generator  another,  the  system  is  said  to  be  a 
two  unit  system.  Each  of  these  has  advantages,  and  both  forms 
have  demonstrated  that  they  are  thoroughly  practical.  In  addi- 
tion to  the  three  main  items  enumerated,  various  accessories,  such 
as  switches,  ammeters,  connectors,  wiring,  protective  circuit 
breakers,  automatic  current  regulators,  etc.,  are  necessary  for  the 
convenient  distribution  and  control  of  the  electric  current.  The 
arrangement  of  the  parts  of  a  typical  one  unit  system  in  which 
the  motor-generator  is  used  only  for  starting  and  lighting  is  shown 
at  Fig.  139.    This  shows  the  location  of  the  various  parts  in  their 

relation  to  the  other  components  of  the  motor  car.     The  motor 
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generator  is  mounted  at  the  side  of  the  engine,  and  is  driven  by 
the  magneto  drive  shaft  as  at  A,  Fig.  140,  when  used  as  a  gen- 
erator, and  serves  to  drive  the  engine  through  this  means  when 
it  is  used  as  a  motor.  The  ignition  current  is  supplied  from  an  in- 
dependent source,  a  high  tension  magneto.  The  starting  switch 
and  that  controlling  the  lighting  system  are  placed  on  the  dash, 
while  the  storage  battery  is  carried  under  the  floor  of  the  tonneau. 
This  system,  which  ia  known  as  the  Entz,  will  be  described  more 
in  detail  in  following  chapter.  Latest  practice  is  to  use  the  direct 
silent  ehain  drive  as  at  Pig.  140,  B. 

The  elements  of  a  onft  unit  system  are  shown  in  diagram  form 
at  the  left  of  Fig,  141.    It  will  be  observed  that  the  armature  car- 


Fig.  139. — ^Pliantam  View  of  AutomobUe  Tooiliig  C&r  Sbowlng  Location 
of  Puts  of  One  Vnlt  Starting  and  Lighting  Syatmn. 

ties  two  commutators,  one  of  which  is  used  when  the  armature  is 
driven  by  the  engine  and  when  the  device  serves  as  a  current 
generator,  the  other  being  employed  when  the  operating  conditions 
are  reversed  and  the  electrical  machine  is  acting  as  a  motor  to  turn 
over  the  engine  crankshaft.  "When  the  device  is  driven  as  a  gen- 
erator the  small  sliding  pinion  on  the  short  end  of  the  shaft  is 
out  of  engagement  with  the  spur  gear  cut  on  the  flywheel  ex- 
terior. When  it  is  desired  to  start  the  engine  the  spur  gear  is 
meshed  with  the  member  cut  on  the  flywheel  and  the  current 
from  the  storage  battery  is  directed  to  the  windings  of  the  electric 
machine  which  becomes  a  motor  and  which  turns  over  the  engine 
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crankahaft.  When  the  device  is  working  as  a  generator  the  cur- 
rent that  ia  developed  goes  to  the  storage  battery,  and  from  that 
member  to  the  various  current  consuming  units. 

Sometimes  the  motor  and  generator  are  combined  in  one  casing 
and  the  system  so  provided  is  erroneously  called  a  "one  unit" 
system.  This  construction  is  shown  at  the  right  of  Fig,  141.  In 
reality  such  a  system  is  a  two  unit  system,  because  the  electrical 
machines  are  uni-functional  instead  of  performing  a  dual  function 
88  does  the  combined-motor-generator  at  the  right  of  the  iUus- 


ng.  141. — Simpllfled  Diagram  SHowlng  Operation  of  One  Unit  SyBtcm  at 
A  and  Two  Armature  One  Unit  System  at  B. 

tration.  The  wiring  of  the  one  unit  system  is  shown  in  simplified 
form  and  should  be  easily  followed  by  any  repairman.  The  parts 
of  a  two  unit  starting  and  lighting  system  are  shown  at  Fig.  142, 
This  system  is  sometimes  called  a  "three  unit"  system,  on  account 
of  having  a  source  of  independent  current  supply  for  ignition 
purposes.  This  is  shown  as  fitted  to  the  Overland  six-cylinder  en- 
gine at  Pig,  143.  As  will  be  observed,  the  generator  in  the  dia- 
gram is  driven  from  the  motor  crankshaft  by  silent  chain  con- 
nections, one  of  the  terminals  passing  through  the  cut-out  device 
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and  to  the  storage  battery,  the  other  terminal  running  directly 
to  the  storage  battery  terminal  having  a  short  by-pass  or  shunt 
■wire  attached  to  the  cut-out.  All  the  time  that  the  engine  is 
running  the  generator  is  delivering  electricity  to  the  storage 
battery. 

It  will  be  seen  that  the  storage  battery  is  also  coupled  to 
the  lighting  circuits  which  are  shown  in  a  group  at  the  right  of 
the  illustration,  and  to  the  electric  starting  motor  as  indicated. 
One  of  the  storage  battery  terminals  is  joined  directly  to  the  switch 


Fig.  142. — Simplified  Diagram  to  Sbow  Arrangsment  of  Parts  of  Two 
TTtiit  Starting  and  Iiiglitlns  System  with  High  Tension  Ifagneto  for 
Ignition  Purposes. 

terminal  by  a  suitable  conductor,  the  other  goes  to  one  of  the 
terminals  on  the  starting  motor,  while  the  remaining  terminal  of 
the  starting  motor  goes  to  the  switch.  In  this  system,  when  the 
small  sliding  pinion  is  meshed  with  the  flywheel  gear,  the  switch 
is  thrown  on  simultaneously,  and  the  current  that  flows  from  the 
storage  battery  through  the  windings  of  the  starting  motor  rotates 
the  engine  crankshaft  by  means  of  reduction  gears  shown.  As  soon 
as  the  engine  starts  the  foot  is  released  and  a  spring  pulls  the 
switch  out  of  contact,  and  also  disengages  the  sliding  pinion  from 
the  flywheel  gear. 
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Fig,  143. — niustratlou  Showing  Location  of  Starting,  Llgliting  and  Igni- 
tion Units  on  the  Overland  Six  Cylinder  Engine. 


264        Starting,  Ldghting  and  Ignition  Systems 

The  actual  appearance  of  a  motor  fitted  with  a  two  unit  motor 
starting  ignition  and  lighting  system  is  shown  at  Fig.  144.  It  will 
be  observed  that  the  generator  is  driven  from  the  pumpshaft  ex- 
tension by  a  leather  universal  joint,  while  the  starting  motor  is 
mounted  at  the  back  end  of  the  crankshaft  in  such  a  position  that 
the  automatic  sliding  pinion  may  be  brought  into  engagement  with 


Fie.  114' — Mollne-Kniglit  Power  Plant  Sliowing  Application  of  Starting 
Motor  witb  Antomatlc  Pinion  Shift  and  Hotbod  of  Driviiig  Gen- 

the  flywheel  driving  gear.  Electrical  starting  systems  are  usually 
operated  on  either  six-  or  twelve-volt  current,  the  former  being 
generally  favored  because  the  six-volt  lamps  use  heavier  filaments 
than  those  of  high  voltage,  and  are  not  so  likely  to  break,  due  to 
vibration.  It  is  also  easier  to  install  a  six-volt  battery,  as  this  is 
the  standard  voltage  that  has  been  used  for  several  years  for  igni- 
tion and  electric  lighting  purposes  before  the  starting  motors  were 
applied. 


Starting  System  Defimtions  265 

In  referring  to  a  system  as  a  one  unit .  system  of  lighting, 
starting  and  ignition,  one  means  that  all  of  these  functions  are 
incorporated  in  one  device,  as  in  the  Delco  system.  If  one  unit 
is  used  for  generating  the  lighting  and  starting  current,  and  also 
is  reversible  to  act  as  a  motor,  but  a  separate  ignition  means  is 
provided  such  ^  a  high  tension  magneto,  the  system  is  called  a 
**two  unit''  system.  The  same  designation  applies  to  a  system 
when  the  current  generating  and  ignition  functions  are  performed 
by  one  appliance,  and  where  a  separate  starting  motor  is  used. 
The  three  unit  system  is  that  in  which  a  magneto  is  employed  for 
ignition,  a  generator  for  supplying  the  lighting  and  starting  cur- 
rent, and  a  motor  for  turning  over  the  engine  crankshaft.  Be- 
fore describing  the  individual  systems  it  would  be  well  to  review 
briefly  the  various  components  common  to  all  systems. 

The  generator,  as  is  apparent  from  its  name,  is  utilized  for 
producing  current.  This  is  usually  a  miniature  dynamo  patterned 
largely  after  those  that  have  received  wide  application  for  gener- 
ating current  for  electric  lighting  of  our  homes  and  factories. 
The  generators  of  the  different  systems  vary  in  construction.  Some 
have  a  permanent  magnetic  field,  while  others  have  an  excited  field. 
In  the  former  case  permanent  horseshoe  magnets  are  used  as  in 
a  magneto.  In  the  other  construction  the  field  magnets,  as  well 
as  the  armature,  are  wound  with  coils  of  wire.  In  all  cases  the 
dynamo  or  generator  should  be  mechanically  driven  from  the 
engine  crankshaft  either  by  means  of  a  direct  drive,  by  silent 
chain,  or  through  the  medium  of  the  timing  or  magneto  operating 
gears.    Belts  are  apt  to  slip  and  are  not  reliable. 

All  the  current  produced  by  the  generator  and  not  utilized  by 
the  various  current  consuming  units  such  as  the  lamps,  ignition 
system,  electric  horn,  etc.,  is  accumulated  or  stored  in  the  storage 
battery,  and  kept  in  reserve  for  starting  or  lighting  when  the 
engine  is  not  running  or  for  lighting  and  ignition  when  the  car 
is  being  run  at  such  low  speed  that  the  generator  is  not  supplying 
current.  Storage  batteries  used  in  starting  systems  must  be  of 
special  design  in  order  to  stand  the  high  discharge  and  to  perform 
efficiently  under  the  severe  vibration  and  operating  conditions  in- 
cidental to  automobile  service.     The  storage  battery  may  be  in- 
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Fig.  145.— Frindptd  ComponentB  of  (Hvy  4c  Davis  Two  Unit  Starting 
and  Iitglitiiig  System. 
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stalled  on  the  running  board  of  the  automobile,  under  the  body, 
or  under  the  front  or  rear  seat,  the  location  depending  upon  the 
design  of  the  car  and  the  degree  of  accessibility  desired.  The 
best  practice  is  to  set  the  storage  battery  in  a  substantial  carrying 
case  held  by  rigid  braces  attached  to  the  frame  side  and  cross 
members.  If  the  battery  should  be  set  under  the  tonneau  floor 
boards,  a  door  must  be  provided  in  these  to  give  ready  access  to 
the  battery. 

The  starting  motor,  which  takes  the  place  of  the  common  hand 
crank,  is  operated  by  current  from  the  storage  battery,  and  the 
high  speed  armature  rotation  is  reduced  to  the  proper  cranking 
speed  by  reduction  gears  of  the  different  forms  to  be  described  in 
proper  sequence.  The  construction  of'  the  starting  motor  is  prac- 
tically the  same  as  that  of  the  dynamo,  and  it  operates  on  the  same 
principle,  except  that  one  instrument  is  a  reversal  of  the  other. 

In  order  to  secure  automatic  operation  of  a  lighting  and  start- 
ing system  several  mechanical  and  electrical  controls  are  needed, 
these  including  the  circuit  breaker,  the  governor,  which  may  be 
either  mechanical  or  electrical,  and  the  operating  switches.  The 
circuit  breaker  is  a  device  to  retain  current  in  the  storage  battery 
under  such  conditions  that  the  battery  current  is  stronger  than  that 
delivered  from  the  generator.  If  no  circuit  breaker  was  provided 
the  storage  battery  could  discharge  back  through  the  generator 
winding.  The  circuit  breaker  is  sometimes  called  a  ''cutout.'' 
The  circuit  breaker  is  usually  operated  by  an  electro  magnet,  and 
may  be  located  either  on  the  generator  itself  or  any  other  con- 
venient place  on  the  car,  though  in  many  cases  the  circuit  breakers 
are  usually  mounted  on  the  back  of  the  dashboard.  This  device 
is  absolutely  automatic  in  action  and  requires  but  little  attention. 

The  governors  are  intended  to  prevent  an  excessive  output  of 
current  from  the  generator  when  the  engine  runs  at  extremely 
high  speed.  Two  types  are  used:  one  mechanical,  operated  by 
centrifugal  force  as  at  Fig.  146,  and  the  other  electrical  as  depicted 
at  Fig.  148.  The  former  is  usually  a  friction  drive  mechanism 
mounted  in  the  generator  shaft  which  automatically  limits  the 
speed  of  the  dynamo  armature  to  a  definite  predetermined  number 
of  revolutions  per  minute.    The  maximum  current  output  is  thus 
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held  to  the  required  amount  independently  of  the  speed  at  which 
the  ear  is  being  driven.  The  use  of  this  device  minimizes  the 
possibility  of  oyerheatio^  the  generator  or  overchai^in^  the  batteiy 


Fig.  146. — Seddonal  View  of  Latest  Pattern,  Orar  A  Davis  GoTemed 
Dynamo,  Showing  Construction  of  Govemor  and  MetHod  of  Ad- 
justing. 

at  high  ear  speeds.  The  electrical  system  of  governing  does  not 
affect  the  speed  of  the  armature,  but  controls  the  output  of  the 
generator  by  means  of  armature  reaction,  a  reversed  series  field 
winding  or  weakening  the  magnetic  field  in  some  way  when  the 
engine  speed  is  excessive.    The  governors  usually  permit  a  maxi- 
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mum  generator  output  of  from  ten  to  twelve  amperes,  though  the 
normal  charging  current  is  less  than  this  figure. 

The  Westinghouse  generators  for  example,  with  inherent  regu- 
lation have  a  compound  field  winding.  The  battery  chaining  cur- 
rent passes  through  the  series  winding  in  such  direction  that  any 
increase  in  the  battery  chaining  current  tends  to  reduce  the  voltage 
generated,  so  that  the  battery  is  never  charged  at  an  excessive 
rate.  When  the  lights  are  burning,  however,  current  flows  through 
this  series,  winding  in  the  reverse  direction,  increasing  the  output 


Fig.  147. — The  Nortli  East  One  Unit  lUotor-Geueratoi.     View  at  Rigbt 
SbOTS  Commutatoi  Cover  Removed  to  Expose  Brushes. 

of  the  generator  and  causing  it  to  assist  the  battery  in  carrying  the 
load.  With  the  usual  lamp  equipment,  this  increase  in  generator 
output  is  sufficient  to  operate  the  lamps  without  any  demand  on 
the  battery  at  ordinary  running  speeds.  At  low  speeds  the  bat- 
tery supplies  a  certain  proportion  of  the  lighting  current,  and 
when  the  engine  is  not  running,  the  battery  supplies  the  entire 
demand.  This  type  of  generator  is  shown  at  the  left  of  Fig.  149 
and  at  the  bottom  of  Fig.  150. 

The  generators  with  automatic  potential  regulators  maintain 
constant  voltage  regardless  of  whether  the  battery  is  connected 
to  the  system  or  not.  The  characteristics  are  such  that  the  battery- 
charging  current  tapers  off  as  the  battery  chaise  increases,  being 
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Fig.  148. — Internal  Wiring  of  the  Horth  East  Motor  Qenerator. 
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very  large  when  the  battery  is  in  a  discharged  coDditiou  and  of 
low  value  when  the  battery  is  fully  charged.  The  voltage  is  in- 
dependent of  the  speed  and  the  amount  of  lighting  load.  The 
regulator  consists  of  a  vibrating  armature  that  intermittently 
short-circuits  a  high  resistance  in  series  with  the  ahunt  field  wind- 
ing of  the  generator,  the  length  of  the  short-circuit  period  depend- 
ing on  the  load  on  the  generator.  A  machine  working  on  this 
principle  is  shown  at  the  top  of  Fig.  150  partially  dismantled  and 


Fig.  119.— Two  Types  of  the  WestinBbouse  Current  GeneratoTB. 

at  the  right  of  Fig,  149  as  it  appears  when  viewed  from  the  com- 
mutator end. 

In  practically  all  systems  an  amperemeter  (Fig,  145)  is 
mounted  on  the  dash  so  that  it  can  be  readily  inspected  by  the 
driver,  this  indicating  at  all  times  the  amount  of  current  being  pro- 
duced by  the  dynamo  or  drawn  from  the  battery.  If  the  indicat- 
ing needle  of  the  amperemeter  points  to  the  left  of  the  zero  point 
on  the  scale,  it  means  that  the  battery  is  furnishing  current  to  the 
lights  or  other  current  consuming  units  or  discharging.  When 
the  needle  points  to  the  other  side  of  the  scale,  it  means  that  the 


272        Starting,  Lighting  and  Ignition  Syttems 


Fig.  150. — WMtlnglioiue  Ouireut  Q«neT«torB  Dlamantled  to  Sbow  Interior 
OoDBtnictloiL 

generator  ia  delivering  current  to  the  battery  which  13  charging  it, 
the  amount  of  charge  or  discharge  at  any  time  can  be  read  from 
the  scale  on  the  face  of  the  amperemeter.  Some  of  these  instm- 
ments  have  the  words  "chai^"  and  "dischai^e"  under  the  scale 
in  order  to  enable  the  operator  to  read  the  instrument  correctly. 
__     Another  important  element  is  the  lighting  switch,  which  ia 
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usually  mounted  at  some  point  within  convenient  reach  of  the 
car  driver.  This  is  often  placed  on  an  instrument  board  on  the 
back  of  the  cowl  in  connection  with  other  registering  instruments. 
As  ordinarily  constructed,  the  switches  are  made  up  of  a  number 
of  units,  and  the  wiring  is  such  that  the  head,  side  and  tail  lamps 
may  be  controlled  independently  of  each  other.  For  simplicity 
and  convenience  of  installation,  the  switch  is  usually  arranged 
so  that  all  circuits  are  wired  to  parallel  connecting  members  or 
''busbars''  placed  at  the  rear  of  the  switch.  In  some  cars,  as  the 
latest  Overland  and  the  White  models,  the  switch  units  are  placed 
on  the  steering  column.  As  but  little  current  passes  through  the 
lighting  switch  the  contacts  are  not  heavy  in  construction  as  are 
those  of  the  starting  switch. 

The  function  of  the  starting  switch  is  to  permit  the  current  to 
flow  from  the  storage  battery  to  the  starting  motor,  when  it  is 
necessary  to  start  the  car.  It  is  arranged  usually  so  as  to  be 
readily  operated  by  the  foot  and  is  nearly  always  installed  at 
some  convenient  position  on  the  toe  board  of  the  car.  As  we 
have  previously  shown,  the  starting  switch  is  often  interlocked 
with  the  starting  motor  gearing  so  that  the  operation  of  engaging 
the  gear  With  the  flywheel  and  of  turning  on  the  current  to  the 
starting  motor  are  accomplished  simultaneously.  The  lighting  and 
motor  starting  wiring  systems  are  independent  of  each  other,  and 
may  be  easily  found  as  that  used  to  convey  the  high  amperage 
starting  current  is  of  heavy  round  single  conductor  cable,  while 
thjB  lighting  wiring  is  usually  a  light  multiple  strand  cable.  In 
order  to  prevent  chafing  and  depreciation  of  the  insulation  the 
wiring  is  often  protected  by  conduits  of  a  flexible  metal  tubing-, 
and  the  terminals  are  extremely  heavy  and  well  adapted  to  resist 
the  vibration  which  is  unavoidable  in  automobiles. 

In  a  paper  read  by  Benj.  F.  Baliley,  of  Michigan  State  Uni- 
versity, before  the  Detroit  section  of  the  A.  I.  E.  E.,  some  inter- 
esting deductions  are  presented  showing  the  influence  of  voltage 
desired  on  the  electrical  equipment,  also  reasons  why  the  Edison 
storage  battery,  which  is  so  well  adapted  for  lighting  or  ignition 
is  not  equally  suitable  for  starting  purposes. 

On  account  of  the  somewhat  fragile  nature  of  the  filament  of 
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an  electric  lamp  it  is  not  advisable  to  attempt  to  operate  small 
lamps  at  a  high  voltage,  since  a  high  voltage  lamp  requires  a  long, 
slender  filament.  Practice  in  this  country  has  practically  stand- 
ardized the  six-volt  lamp,  and  there  seems  to  be  no  valid  reason 
for  making  a  change.  This  being  the  case  the  total  voltage  of  the 
battery  is  always  some  multiple  of  six,  usually  6,  12,  18  and  24 
volts. 

As  far  as  the  battery  is  concerned  the  smaller  the  number  of 
cells  the  better.  A  certain  minimum  of  stored  energy  is  necessary 
and  this  can  be  provided  with  less  weight  and  at  a  lower  cost  in 
a  few  large  cells  than  in  a  greater  number  of  small  ones.  The 
smallest  possible  cell  using  a  certain  size  of  plate  would  have  three 
plates,  one  positive  and  two  negatives.  A  cell  of  double  this 
capacity  would  require  only  five  plates,  two  positives  and  three 
negatives.  The  weight  of  the  container  would  be  ^nly  slightly 
greater,  and  the  whole  cell  would  weigh  decidedly  less  than  twice 
as  much  as  the  small  one.  Thus  it  happens  that  a  battery  capable 
of  supplying  a  certain  amount  of  energy  at  12  volts  will  weigh 
approximately  35  per  cent,  more  than  a  battery  of  the  same 
capacity  at  6  volts.  The  cost  of  the  12-volt  battery  will  also  be 
about  35  per  cent.  more.  The  labor  of  caring  for  the  battery  and 
the  chance  of  trouble  due  to  a  broken  battery  jar  are  about  doubled. 

Good  starting  motors  may  be  built  for  any  voltage  from  6 
to  24.  Comparing  a  6-volt  motor  with  a  12-volt,  the  commutator 
of  the  former  would  have  to  be  much  larger  than  that  of  the  lat- 
ter. This  means  not  only  added  cost  of  construction  but  the  loss 
in  the  larger  commutator  is  approximately  twice  as  much  as  in 
the  smaller.  As  this  loss  is  large  in  any  event  the  efficiency  of  the 
6-volt  motor  is  perhaps  1  or  2  per  cent,  lower  than  that  of  the 
12-volt.  The  designer  of  the  6-volt  motor  is  also  seriously  ham- 
pered in  his  choice  of  windings,  and  frequently  cannot  get  just  the 
combination  needed  to  give  the  exact  characteristics  desired.  For 
example,  the  calculation  might  show  that  1%  turns  per  coil  were 
desirable.  He  would  be  forced  to  use  either  1  or  2.  With  the 
same  characteristics  the  proper  number  for  the  12-volt  machine 
would  be  3,  and  we  should  have  a  good  chance  to  vary  the  char- 
acteristics by  using  2  or  4  turns.     In  spite  of  these  facts  the  6 


276        Starting,  Lighting  and  Ignition  Systems 

volt  motor  can  be,  and  is,  made  to  have  very  good  characteristics. 

As  regards  the  generator,  there  is  very  little  to  choose.  The 
efficiency,  cost,  etc.,  of  the  two  would  be  practically  identical. 

The  wiring  would  be  somewhat  simpler  and  the  switches  simpler 
and  cheaper  on  the  6-volt  system  since  with  12  volts  it  is  cus- 
tomary to  connect  the  lamps  on  the  three-wire  system.  A  slight 
advantage  of  the  12-volt  three-wire  system  is  that  a  single  ground 
would  not  extinguish  all  the  lights  but  only  those  on  one  side. 

Single  Wire  vs.  Two  Wire  Wiring. — Assuming  that  a  six-volt 
system  is  used  there  arises  the  question  of  whether  one  or  two 
wires  should  be  used ;  that  is,  whether  or  not  it  is  allowable  to  use 
the  frame  as  the  return  wire.  The  writer  has  always  used  the 
single-wire  system  and  believes  it  to  be  the  better,  all  things  con- 
sidered. It  certainly  is  the  simpler  and  with  the  same  expendi- 
ture as  the  two-wire  system  can  be  made  fully  as  safe  against 
breakdown.  Practically  all  our  large  buildings  are  wired  on  the 
three-wire  plan,  the  neutral  being  grounded  to  the  steel  frame  of 
the  building.  There  then  exists  everywhere  a  pressure  of  about 
110  volts  between  the  conductors  and  the  conduits  containing 
them.  If  this  can  be  done  it  should  be  a  simple  matter  to  insulate 
for  six  volts.  In  the  writer's  opinion  the  wiring  is  a  very  im- 
portant part  of  the  installation  and  it  is  one  that  is  often 
neglected. 

Type  of  Battery. — Having  decided  upon  the  voltage  to  use 
the  next  point  is  the  selection  of  a  suitable  battery.  The  ques- 
tion is  often  raised  why  the  Edison  nickel-iron  cell  is  not  used 
for  electric  starting.  If  it  were  a  matter  of  lighting  only,  the 
Edison  cell,  in  spite  of  its  high  first  cost,  would  unquestionably 
find  many  users.  The  cell  is  capable  of  standing  almost  any 
amount  of  abuse ;  it  can  be  short-circuited  with  impunity  and  can 
be  left  in  a  discharged  condition  for  an  indefinite  period.  Its 
efficiency  is  low,  but  that  would  not  be  a  very  serious  matter  to 
the  average  user.  Four  cells  would  be  necessary  in  place  of  three, 
but  the  net  weight  for  a  given  voltage  and  ampere  hour  capacity 
would  perhaps  be  10  or  15  per  cent,  less  than  that  of  a  lead 
/       battery. 

If,  however,  we  attempt  to  use  the  Edison  battery  for  starting 
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purposes  we  are  confronted  with  the  difficulty  that  it  is  impossible 
to  operate  it  at  high  power  outputs.  This  is  on  account  of  the 
high  internal  resistance.  A  50-ampere-hour  lead  battery  of  three 
cells  will  weigh  about  45  pounds,  compared  to  about  37  pounds 
for  a  four-cell  Edison  battery  of  the  same  capacity.  It  is  not  an 
uncommon  practice  to  take  as  much  as  135  amperes  from  a  lead 
battery  of  this'  size  with  a  terminal  voltage  of  5.2.  The  output  is 
then  5.2x135=702  watts,  or  0.94  horsepower.  The  internal  re- 
sistance of  the  Edison  battery  is  such  that  it  would  be  entirely 
out  of  the  question  to  provide  a  battery  which  would  yield  this 
same  power  with  the  same  voltage  drop;  i.e.,  at  the  same  effi- 
ciency. If  we  decide  to  allow  a  much  greater  drop  we  might  use 
the  Edison  A-6  cell.  This  has  an  internal  resistance  of  about 
0.0024  ohm  per  cell.  If  we  should  take  194  amperes  from  four 
of  these  cells  in  series  the  drop  due  to  internal  resistance  would 
be  about  1.9  volts,  giving  a  terminal  voltage  of  about  3.62  volts. 
The  power  would  be  the  same  as  before,  or  702  watts.  The  weight 
of  the  four  Edison  cells  would  be  80  pounds,  or  nearly  double 
that  of  the  lead  cells.  The  watt  hour  efficiency  would  be  quite 
low. 

An  even  more  serious  difficulty  is  the  fact  that  the  starting 
torque  of  the  motor  with  the  Edison  cells  would  be  far  less  than 
that  with  the  lead  cells.  Thus  the  resistance  of  the  motor  used 
with  the  above  cells  would  be  about  0.0085  ohm.  The  internal 
resistance  of  the  cells  would  be  0.0096  ohm  and  the  current  in 
case  the  motor  did  not  start  at  once  would  be  about  310  amperes. 
The  internal  resistance  of  the  lead  cells  would  be  only  about 
0.006  ohm  and  the  starting  current  would  be  415  amperes.  Since 
the  starting  torque  increases  even  faster  than  in  proportion  to 
the  current  it  will  be  seen  that  the  starting  torque  with  the  lead 
cells  would  be  about  35  per  cent,  greater  than  with  the  Edison 
battery.  Thus  the  *  leeway''  or  the  **  factor  of  safety''  is  con- 
siderably less  with  the  Edison  battery  and  the  lead  plate  type  is 
generally  employed  in  starting  systems. 

Comparison  of  Two  Unit  and  Single  Unit  Outfits. — Since 
most  of  the  outfits  in  use  to-day  fall  within  one  or  the  other  of 
these  two  classes  a  somewhat  detailed  comparison  of  their  char- 
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STORTINS  MOTOR 


'GENERATOR 
DRIVING  SHAFT 


Fig.  162.— View  at  A  SbowB  Hartford  Starting  Motor.    At  B — Olntch  and 
Driving  Anangement  of  a  Two  Unit  Outfit 


acteristics  may  be  of  interest.  The  operation  of  the  single  unit 
machine  may  be  reduced  to  the  pushing  of  a  foot  button,  although 
as  practically  applied  some  such  outfits  require  also  the  meshing 
of  a  gear.     On  the  other  hand,  some  two-unit  outfits  do  not  re- 
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quire  a  gear  to  be  meshed,  and  consequently  fall  also  in  the 
*'push  the  button''  class.  About  all  we  can  say  is  that  the  ten- 
dency is  to  design  the  single-unit  machine  so  that  no  gears  have 
to  be  meshed,  while  the  two-unit  outfit  usually  utilizes  the  fly- 
wheel in  connection  with  the  shifting  pinion.  This  may  seem  like 
.a  very  small  point  to  most  of  us,  but  is  not  necessarily  so  to  a 
large  class  who  now  drive  automobiles  and  who  know  nothing  and 
care  less  about  the  mechanism  by  which  certain  results  are  accom- 
plished. All  they  want  is  the  result  and  this  attitude  is  perfectly 
justified. 

To  compare  accurately  weights,  efficiency,  etc.,  of  two  systems 
is  rather  difficult  in  general.  The  writer  is,  however,  fortunate 
in  having  had  the  chance  to  design  an  outfit  of  each  kind,  and  it 
is  therefore  possible  for  him  to  give  fairly  accurate  figures.  The 
general  design  constants  as  regards  fiux  densities,  commutation, 
etc.,  are  almost  identical  and  consequently  the'  figures  are  com- 
parable. The  single-unit  outfit  is  of  the  type  in  which  two  com- 
mutators and  two  windings  are  used,  one  being  utilized  in  start- 
ing, while  both  are  connected  in  series  for  lighting.  The  gearing  is 
of  the  planetary  type,  and  no  gears  are  in  relative  motion  when 
the  machine  is  operating  as  a  generator.  The  change  from  a  ratio 
of  157  to  1  to  two  to  one  drive-  as  a  generator  is  made  automatically 
by  means  of  a  clutch  and  centrifugal  weights.  The  outside  dimen- 
sions are  7  x  4  x  13  J4  inches.  These  include  all  devices  needed  to 
connect  and  disconnect  the  outfit.  The  total  weight  with  switches, 
etc.,  is  53  pounds. 

The  two-unit  outfit  comprises  a  generator  5J^  x  5^  x  7^  inches, 
weighing  complete  with  disconnecting  switch  17  pounds  and  a 
motor  5^  x  5J4  x  10j4  inches,  weighing  with  clutch  and  switch  30 
pounds.  The  end  of  the  motor  shaft  carries  a  pinion  which  meshes 
directly  with  gear  teeth  cut  in  the  flywheel  face.  There  is,  there- 
fore, only  a  single  reduction  between  the  motor  and  the  engine. 

The  capacities  of  the  two  machines  when  acting  as  generators 
are  nearly  the  same,  that  of  the  single-unit  system  being  some- 
what greater.  The  capacities  of  the  two  motors  at  their  maximum 
horsepower  is  nearly  the  same,  being  1.43  for  the  single-unit  set 
and  1.37  for  the  separate  motor. 


280        Starting,  Lighting  and  Ignition  Systems 

We  must  next  consider  the  efficiency  of  the  reduction  gearing 
in  the  two  cases.  The  writer  was  very  much  surprised  when  he 
first  measured  the  efficiency  of  a  double  reduction  gearing  to  find 
an  efficiency  of  only  about  65  per  cent.  This  was  true  both  of 
planetary  gearing  and  of  that  of  the  type  used  in  sliding  gear 
transmissions  as  usually  applied  to  automobiles.  In  this  latter 
case  the  countershaft  was  mounted  on  ball  bearings.  On  the 
other  hand,  the  efficiency  of  the  single  reduction  is  high  and  has 
been  taken  here  as  90  per  cent. 

Considering  the  motors  alone,  the  efficiency  of  the  single-unit 
set  as  a  motor  is  lower  than  that  of  the  motor  alone  of  the  two- 
unit  set.  This  is  on  account  of  the  greater  amount  of  material 
subject  to  losses,  the  friction  of  the  idle  commutator  and  to  the 
fact  that  the  design  is  somewhat  of  a  compromise  between  what  is 
desirable  for  the  generator  and  for  the  motor.  The  relative  fig- 
ures are  76  per  cent,  and  74  per  cent.  Considering  also  the  gear- 
ing efficiency,  the  net  efficiency  from  the  motor  terminals  to  the 
engine  shaft  is  in  the  one  case  68  per  cent,  and  in  the  other  only 
45  per  cent.,  most  of  the  loss  in  the  latter  case  being  due  to  the 
gears.  This  is  a  rather  serious  matter  since  the  cranking  speeds 
with  a  given  current  output  would  be  in  the  same  ratio  as  tha 
efficiencies.  Thus,  the  single-unit  set  turned  the  engine  over  at 
a  speed  of  100  r.  p.  m.,  the  two-unit  outfit  with  the  same  current 
would  give  a  speed  of  151  r.  p.  m.  To  sum  up  the  matter,  the 
writer  is  convinced  that  the  use  of  double  or  triple  reduction 
gearing  leads  to  a  great  loss  in  efficiency,  perhaps  a  far  greater 
one  than  is  usually  supposed. 

It  should  also  be  noted  that  the  motor  in  the  above  outfit 
might  have  been  designed  for  higher  speed  and  double  reduction 
gearing.  The  motor  would  have  been  somewhat  lighter  and  per- 
haps 1  or  2  per  cent,  more  efficient.  If  we  consider  the  total 
weight,  including  gears,  it  is  questionable  whether  there  would 
have  been  any  reduction  in  weight,  and  certainly  the  efficiency 
would  have  been  far  lower.  There  is  another  way  in  which  the 
use  of  single  reduction  gearing  and  a  high  efficiency  motor  act 
to  reduce  the  weight  of  the  installation,  namely,  they  permit  the 
use  of  a  lighter  battery.    If  the  single  reduction  outfit  is  geared 
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to  give  the  same  speed  with  less  current,  the  advantage  is  obvious. 
If,  on  the  other  hand,  it  is  geared  to  take  the  same  current  and 
give,  a  higher  speed,  it  is  likewise  obvious  that  the  number  of 
turns  required  to  start  will  certainly  not  be  more  and  probably 
will  be  far  less.  Therefore,  the  time  required  to  start  will  be  in- 
versely proportional  to  the  speed  or  less,  and  the  drain  on  the 
battery  in  ampere-hours  will  be  reduced  in  the  same  proportion. 
It  is  hoped  that  the  above  will  make  clear  that  the  matter  of 
efficiency  is  not  a  minor  question,  but  is  vital  to  the  success  of 
the  whole  matter  of  electric  lighting  and  starting.  We  shall  have 
occasion  to  discuss  the  same  question  in  connection  with  lighting 
generators. 

To  sum  up  the  question  of  single  versus  two-unit  sets,  the  writer 
(Prof.  Bailey)  from  his  experience,  would  rate  them  as  follows: 

Operation. — The  single-unit  set  as  ordinarily  arranged  has  a 
slight  advantage. 

Weight, — For  the  same  cranking  speed  and  the  same  generator 
output  the  two-unit  outfit  is  probably  about  20  per  cent,  lighter. 
This  might  not  hold  for  low  speed  cranking. 

Efficiency. — The  writer  is  convinced  that  both  as  a  generator 
and  as  a  motor  the  single-unit  outfit  is  at  a  disadvantage.  The 
efficiency  as  a  generator  will  average  perhaps  5  per  cent,  lower 
and  as  a  motor  about  2  or  3  per  cent,  lower.  If,  as  is  ordinarily 
the  case,  the  single-unit  set  is  operated  with  a  double  or  triple 
reduction  gearing,  the  efficiency  of  the  gearing  will  be  between 
60  and  75  per  cent.  If  the  two-unit  set  is  used  it  is  practicable 
to  use  a  single  reduction  and  obtain  the  higher  efficiency  of  90 
per  cent. 

Grenerators  and  Starting  Motors. — Essentially  there  is  not 
much  difference  in  construction  between  a  starting  motor  and  a 
generator  as  the  principles  upon  which  they  operate  are  prac- 
tically the  same.  A  machine  that  is  capable  of  delivering  current 
in  one  direction  when  driven  by  mechanical  power  will  produce 
mechanical  energy  if  electrical  current  is  passed  through  the  wind- 
ing in  a  reverse  direction.  The  construction  of  typical  starting 
motors  and  generators  may  be  readily  understood  if  one  refers 
to  the  illustrations  at  Fig.  151.     That  at  A  is  one  form  of  the 
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Gray  &  Davis  governed  dynamo,  which  is  of  the  limited  armature 
speed  type.  The  power  is  directed  to  the  driving  member  of  a 
friction  clutch  which  turns  the  generator  armature  by  means  of 
friction  contact  with  a  disc  attached  to  but  slidably  mounted  on 
the  armature  shaft.  This  plate  is  held  in  contact  by  a  coil  spring. 
A  pair  of  hinged  governor  arms  are  attached  to  the  driven  clutch 
plate;  while  the  other  ends  are  attached  to  a  rotating  spider  mem- 
ber fastened  on  the  dynamo  armature  shaft.  When  the  speed  in- 
creases beyond  a  given  point  the  governor  weights  fly  out,  due  to 
centrifugal  force,  and  reduce  the  amount  of  frictional  adhesion 
.between  the  clutch  members  in  proportion  as  the  armature  shaft 
speed  augments,  until  the  point  is  reached  where  there  is  no 
frictional  contact  between  the  parts  of  the  clutch  and  the  driving 
plate  is  turning  at  engine  speed,  while  the  driven  member  that 
imparts  motion  to  the  armature  is  gradually  slowing  down  and 
permitting  the  tension  of  the  coil  spring  to  overcome  that  force 
produced  by  rapid  rotation,  and  to  bring  the  discs  in  contact  again 
for  just  a  suflScient  length  of  time  to  enable  the  armature  to 
maintain  its  rated  speed  even  if  the  engine  is  running  faster  than 
normal. 

A  typical  starting  motor,  which  is  of  the  Rushmore  design, 
is  shown  *at  B.  As  will  be  evident,  this  is  practically  the  same  in 
construction  as  the  generator  shown  above  it,  as  far  as  essentials 
are  concerned,  except  that  no  governor  is  provided  and  the  arma- 
ture shaft  is  fitted  with  a  small  spur  pinion  designed  to  engage 
with  the  spur  gear  on  the  engine  flywheel.  No  mechanical  inter- 
connection is  necessary  between  the  drive  pinion  and  the  elec- 
trical starting  switch.  As  soon  as  the  current  flows  through  the 
armature  of  the  motor  it  will  move  that  member  laterally  and 
automatically  engage  the  pinion  of  the  flywheel  gear.  As  soon 
as  a  starting  switch  is  released,  a  coil  spring  will  push  the  start- 
ing motor  armature  back  again  in  the  position  shown  in  the  illus- 
tration, and  thus  automatically  bring  the  pinion  out  of  mesh  with 
the  flywheel  gear.  In  order  to  obtain  a  sliding  feature  this  motor 
armature  shaft  is  mounted  on  plain  bearings  instead  of  ball  bear- 
ings, which  are  standard  equipment  on  practically  all  machines  of 
this  nature. 
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The  device  outlined  at  Fig.  151,  C,  shows  the  construction  fol- 
lowed when  the  ignition  function  is  combined  with  a  current  gen- 
erator and  starting  device  having  the  three  functions  performed 
by  one  instrument.  The  general  construction  is  the  same  as  in 
the  device  previously  outlined.  The  drive  shaft  of  the  device  is 
adapted  to  be  attached  to  the  engine  by  direct  mechanical  means. 


Fig.  1S3.— DUgiam  Showing  Constnictlon  of  U.  S.  L.  Flywheel  Type 
Dynamo  Uotor. 

When  the  device  is  ased  as  a  current  generator,  the  armature  is 
driven  by  the  shaft,  whereas  if  the  device  is  used  as  a  motor  the 
armature  drives  the  shaft  A  through  a  planetary  reduction  gearing 
and  roller  clutch,  Regardless  of  whether  the  device  is  used  as  a 
motor  or  generator,  the  distributor  for  ignition  purposes  is  driven 
in  the  same  direction,  and  at  the  proper  speed  to  insure  ignition 
as  it  is  driven  directly  from  shaft  A,  which  turns  at  crankshaft 
speed. 

An  example  of  a  double  deck  combined  instrument  in  which  the 
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generator  is  carried  in  the  lower  portion  of  the  casing  and  the 
starting  motor  at  the  upper  part  is  clearly  shown  at  Fig.  152,  B. 
The  partial  section  makes  clear  the  arrangement  of  the  reduction 
gearing  and  roller  clutch.  This  type  has  met  with  favor  because  it  is 
mounted  easily,  and  also  on  account  of  the  simple  mechanical  con- 
nection to  the  engine.  While  the  two  units  are  electrically  sepa- 
rate, i.e.,  each  having  its  own  field  and  armature,  it  may  be  con- 
sidered as  one  unit  mechanically.  The  double  deck  instrument 
shown  is  designed  for  application  to  the  side  of  a  gasoline  engine 
connecting  by  chain  or  gearing  to  the  pump  or  magneto  drive 
shaft.  It  should  be  noted  that  this  chain  or  gear  is  the  only  con- 
nection between  the  machine  and  the  engine,  and  that  it  is  used 
not  only  for  transmitting  the  engine  energy  to  the  generator,  but 
also  acts  to  transmit  the  power  from  the  starting  motor  to  turn 
the  engine  crankshaft  when  it  is  desired  to  start  the  power  plant. 
It  will  be  apparent  that  in  a  combined  instrument  of  this  type 
that  it  is  necessary  to  have  a  fairly  low  gear  ratio  between  the 
motor  and  the  engine  in  order  to  reduce  the  high  speed  of  the 
motor  armature  rotation  to  a  speed  low  enough  to  turn  over 
the  engine  crankshaft. 

At  the  other  hand,  once  the  power  plant  is  started  the  gener- 
ator armature  must  turn  at  a  slower  speed  than  that  of  a  starting 
motor,  and  if  it  is  run  from  the  pump  shaft  or  magneto  drive  shaft 
it  will  turn  fast  enough  to  generate  the  proper  quantity  of  elec- 
tricity. The  starting  motor,  however,  must  be  geared  down  in 
order  that  it  may  exert  the  starting  torque  through  the  high  lever- 
age furnished  by  the  reduction  gear.  The  motor  occupies  the 
upper  position,  and  carries  a  pinion  P  keyed  to  the  end  of  its  arma- 
ture shaft.  This  pinion  transmits  the  drive  to  an  intermediate 
shaft  S,  which  in  turn  drives  the  large  gear  forming  the  outer  cas- 
ing of  an  overrunning  roller  clutch  R.  The  inner  or  driven  member 
of  this  clutch  is  mounted  rigidly  on  the  armature  shaft  of  the 
generator  and  carries  the  drive  through  to  an  outer  chain  gear 
when  cranking  the  engine.  As  soon  as  the  engine  explodes  and  the 
speed  runs  above  that  represented  by  the  starting  motor  at  the 
roller  clutch  the  latter  comes  automatically  out  of  action,  thus  per- 
mitting the  generator  to  obtain  its  power  in  the  normal  way  through 
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the   chain  wheel   attached   to    the    dynamo   shaft.     The   motor 
armature  above  comes  to  rest  as  soon  as  the  starting  switch  is  re- 
leased.   The  generator  of  this  device  has  its  ontpnt  controlled  by 
a  combination  of  armature  reactions  and  a  bucking  coil,  while  the 
battery  is  protected 
from  discharging  back  - 
through  the  generator 
by  a  simple  magnetic 
contact  breaker  or  cut- 
out.   The  starting  mo- 
tor shown  at  Fig.  152, 
A,  is  a  one-function  in- 
strument having  worm 
reduction  gearing. 

The  motor  generator 
unit  used  in  the  United 
States  Lighting  system 
differs  from  any  other 
form,  in  that  the  de- 
vice is  incorporated  in 
the  flywheel  housing 
and  is  driven  directly 
from  the  motor  crank- 
shaft without  the  inter- 
position of  any  driving 
gearing  or  chain.  This 
construction  is  shown 
at  Fig.  153,   which 

shows   a  side  view   of      rig-  154.— Diagram   Showing  Simple  Wiring 
the  generator  installed  "'  ^-  ^-  ^  One  Unit  starting  and  Llgit- 

in  the  flywheel  com- 
partment and  a  face  view  showing  the  relation  of  the  fixed  and 
rotating  members.  A  series  of  fixed  pole  pieces  is  attached  to  a  ring 
bolted  to  the  flywheel  case  while  the  rotating  pole  carrier  is  driven 
from  the  clutch  housing  and  takes  the  place  of  the  engine  flywheel. 
"When  current  is  passed  through  the  fixed  field  the  rotating 
armature  member  will  be  forced  to  rotate  and  turn  the  crank- 
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shaft  over.  Similarly  as  soon  as  the  engine  starts  revolving  un- 
der its  own  power  the  device  becomes  a  generator.  The  wiring  is 
extremely  simple,  as  is  outlined  at  Fig,  154.  This  shows  only 
the  wiring  of  the  generating  and  motor  starting  functions  and  does 
not  show  any  lighting  or  ignition  circuit,  though  these  may  be  taken 


o 


Tig.  166. — One  Type  of  Westlnghouse  Starting  Uotoi  and  Farts  Com- 
prising the  AssemUy. 


from  the  battery  in  the  usual  manner.  The  lighting  system  oper- 
ates on  sis  volt  current,  though  the  starter  requires  a  12  cell  or 
24  volt  battery.  The  lighting  current  is  taien  from  only  three 
ceUs  of  the  battery. 

The  "Westinghouse  motors,  generators,  and  motor-generators 
are  designed  particularly  for  their  location  alongside  the  engine, 
under  the  hood.     As  they   are   entirely  enclosed,   they   are  not 


.    Starting  System  Principles  287 

affected  by  dirt,  oil,  gasoline  or  water.  The  end  frames  that  carry 
the  bearings  are  machined  magnalium  castings  of  substantial  de- 
sign, and  are  each  fastened  to  the  frame  by  heavy  screws  with 
lock  washers,  effectively  preventing  vibration  from  disturbing  the 
alignment  of  the  bearings.  The  size  and  proportions  of  the  ma- 
chines are  such  that  they  can  be  conveniently  located  without 
interfering  with  the  balance  of  the  car  equipment.     The  frame  ia 


Fig.  156. — WeatingbouM  Starting  Motoi  with  Self-ContaJ&ed  Planetary 
Speed  Reduction  Oeailng. 

of  east  steel  (except  the  smaller  motors),  which  not  only  gives 
ample  strength,  but  because  of  its  high  magnetic  permeability 
results  in  a  saving  in  weight. 

The  armature  is  of  the  laminated  drum  type,  with  windings 
laid  in  slots.  A  special  insulation  is  used,  which  after  treatment 
makes  the  armature  a  solid  mass  that  does  not  soften  even  at  a 
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continuous  temperature  of  250  degrees  Fahrenheit.  It  will  stand 
even  higher  temperature  for  short  periods.  The  insulation  and 
treatment  absolutely  prevents  the  winding  from  working  loose  un- 
der vibration,  and  makes  it  impervious  to  oil,  water,  and  gasoline. 
The  design  provides  for  easy  removal  of  the  armature. 

The  field  coil  winding  is  also  treated  with  the  same  insulating 
composition  and  cannot  possibly  jar  loose.  Wherever  possible, 
aluminum  wire  is  used  to  reduce  the  weight.  The  insulation  is 
applied  by  a  special  process  that  saves  space. 

The  commutator  and  brushes  are  of  proper  proportions  and 
of  sufficient  size  to  last  for  years  without  renewal  of  either.  The 
brushes  are  mounted  firmly,  and  can  be  removed  and  replaced 
without  the  use  of  tools.  The  current  is  carried  to  the  brush  by 
a  low-resistancce  copper  shunt,  and  not  by  the  brush  spring. 
Proper  silver-tipped  connections  are  made  by  the  brushholders 
when  the  brushes  are  inserted. 

The  shaft  has  a  large  diameter.  The  motor  shaft  has  either 
square  or  taper  end,  as  desired.  A  Woodruff  key  is  provided,  and 
a  large  locknut  and  washer,  held  by  a  spring  cotter. 

The  bearings  of  the  generators  are  magneto  type  ball  bearings 
of  a  high  grade,  requiring  minimum  space.  Starting  motors  are 
provided  with  either  ball  bearings  or  plain  sleeve  bearings.  A 
starting  motor  receives  such  a  small  amount  of  actual  running 
that  ball  bearings  are  a  refinement  not  actually  required. 

The  Westinghouse  generators  are  shown  at  Figs.  149  and  150. 
The  simple  form  of  motor  shown  at  Fig.  155  is  intended  for  use 
with  external  reduction  gearing.  That  depicted  at  Fig.  156  has 
internal  planetary  gearing  to  give  the  required  speed  reduction 
between  motor  armature  shaft  and  engine  crankshaft. 

Grenerator  Driving  Methods. — When  electric  lighting  was  first 
applied  to  automobiles  it  was  not  considered  necessary  to  drive  the 
generators  by  positive  connection,  and  the  early  devices  were  fur- 
nished with  pulleys  for  flat  or  V  belt  drive.  At  the  present  time  it 
is  considered  highly  important  to  provide  a  positive  mechanical 
connection  that  will  not  slip  between  the  generator  and  the  engine 
crankshaft.  The  common  systems  where  the  generator  is  a  sepa- 
rate unit  from  the  starting  motor  and  in  those  forms  where  the 
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spur  gears  and  chain,  as  shown  at  A-2,  or  by  a  chain  to  a  shaft  con- 
nected with  the  timing  gear,  as  in  A-3.  The  method  at  A-4  is  a  very 
popular  one,  including  a  reduction  to  an  intermediate  shaft,  which 
carries  a  sUding  pinion  designed  to  engage  the  gear  on  the  flywheel 
rim.    The  method  at  A-o  is  used  with  the  Rushmore  starter,  the 


Pig.  159. — Diagram  Sbowlng  Methoda  of  Transmitting  Powar  of  Starting 
Motor  to  Oaaollne  Engine  at  A.  Simplified  Diagram  at  B  Depicts 
Means  of  Interconnecting  Starting  Switch  and  Motor  Starting  Gtaar. 


pinion  being  brought  into  direct  engagement  with  the  gear  on  the 
flywheel  by  the  axial  movement  of  the  armature  when  the  current 
is  supplied  to  the  field  winding.  The  method  at  A-6  permits  of 
attaching  the  starting  motor  securely  to  the  frame  side  member  at 
a  point  near  the  gear  box,  where  it  will  be  out  of  the  way  and  not 
interfere  with  the  accessibility  of  the  power  plant.    When  mounted 
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in  this  manner  the  drive  is  by  a  double  universally  jointed  shaft  to 
a  small  silent  chain  sprocket,  which  connects  to  a  much  larger 
member  attached  to  the  engine  flywheel  or  crankshaft. 

The  complete  system  shown  at  Fig.  159,  B,  is  the  next  most 
popular  of  all  that  have  .been  used.  This  shows  the  application  of 
the  starting  motor,  outlined  at  A-4.  The  mechanical  interlock  be- 
tween the  sliding  pinion  on  the  intermediate  shaft  and  the  starting 
switch  is  clearly  shown.  Before  the  pinion  engages  the  gear  on  the 
flywheel  rim  the  switch  makes  contact,  but  owing  to  the  resistance 
interposed  in  circuit  the  motor  will  turn  slowly  to  permit  of  more 
ready  engagement  of  the  sliding  pinion.  As  soon  as  the  pinion  is 
fully  engaged  with  the  large  gear  the  resistance  is  cut  out  and  the 
motor  draws  what  current  it  needs  from  the  storage  battery,  this 
being  enough  to  produce  the  torque  necessary  to  turn  over  the  en- 
gine flywheel  and  the  crankshaft  to  which  it  is  attached  at  such 
speed  as  will  produce  prompt  starting.  A  system  of  this  nature 
used  on  the  Hupmobile  in  connection  with  the  Bijur  starter  is 
shown  at  Fig.  160.  In  this  the  pinion  is  shifted  by  a  spring  con- 
nection as  outlined  at  A  instead  of  a  direct  rigid  coupling.  This 
makes  it  easier  to  engage  the  pinion  as  the  switch  can  make  contact 
as  at  D  and  the  spring  wiH^draw  the  pinion  in  mesh.  The  spring 
is  also  useful  under  the  conditions  shown  at  B  where  the  pinion 
engages  readily  but  the  switch  has  not  yet  made  contact. 

The  actual  application  of  the  system,  shown  at  A-1,  Fig.  159,  is 
outlined  at  C,  Fig.  161.  It  will  be  observed  that  the  starting  mo- 
tor is  attached  to  the  side  of  the  engine  in  a  vertical  position  and 
that  it  drives  the  intermediate  shaft  by  means  of  a  worm  on  the 
motor  armature,  which  engages  with  a  worm  gear  on  the  interme- 
diate shaft,  which  also  carries  the  driving  sprocket,  as  shown  at  B. 
A  further  reduction  in  speed  is  obtained  owing  to  the  difference 
in  size  of  the  small  sprocket  on  the  intermediate  shaft  and  that  at- 
tached to  the  clutching  member  normally  revolving  free  on  the  mo- 
tor crankshaft.  It  will  be  seen  that  the  motor  armature  is  sup- 
ported on  ball  bearings,  and  that  one  of  these,  backing  the  worm, 
is  a  double  row  form  capable  of  sustaining  both  the  end  thrust 
and  radial  load  imposed  by  the  driving  worm.  In  order  to  resist 
the  end  thrust  on  the  worm  gearing  successfully  a  ball  thrust  bear- 
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lig.  161. — Diagram  Sbowing  Application  of  Worm  Reduction  Oear  to 
Inm  Over  Engliie  Crankalisft  Ttuougli  Supplementary  Chain  and 
Spioclcet  Beductlon. 
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ing  is  used,  as  shown  at  B.  When  it  is  desired  to  start  the  motor 
the  clutch  actuator,  which  is  shown  in  the  diagram  at  A,  is  pushed 
in  until  it  engages  the  ratchet  teeth  cut  on  the  face  of  the  large 
sprocket.  When  the  sprocket  turns  it  must  turn  the  engine  crank- 
Bhaft  in  the  same  direction,  but  just  as  soon  as  the  engine  runs 
faster  than  the  lai^e  sprocket  the  clutching  action  will  be  released 
automatically  by  the  ratchet  teeth  being  thrown  out  of  engage- 


Fig.  162.— DUgram  Showing  OtHistrncttoa  of  Typical  OTemmnlnE  Olntcb. 

ment.  If  it  is  necessary  to  start  the  engine  by  means  of  a  hand 
crank  this  may  be  done  by  inserting  the  starting  crank  in  the  start- 
ing ratchet  provided  on  the  extreme  end  of  the  crankshaft.  The 
large  sprocket  is  normally  free  and  the  engine  crankshaft  turns 
without  producing  a  corresponding  movement  of  the  sprocket  mem- 
ber. The  general  arrangement  of  the  parts  is  so  dearly  shown 
that  no  further  description  will  be  necessary. 

The  construction  of  a  typical  overrunning  clutch  is  clearly 
shown  at  Fig.  162.  The  electric  starting  motor  is  seeiured  to  a 
base  on  the  crankcase  of  the  gasoline  engine  and  the  motor  power 
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is  imparted  through  the  medium  of  the  small  gear  F  carried  by  the 
armature  shaft.  This  drives  gear  E,  which  turns  at  a  lower  speed 
on  account  of  being  larger,  and  that  in  turn  engages  with  gear  D,  - 
which  is  still  larger  in  diameter.  The  small  pinion  C,  which  turns 
much  slower  than  the  motor  pinion  F,  meshes  with  the  large  gear 
B  attached  to  the  clutch  body.    The  use  of  this  gearing  provides  a 


Fig.  163. — Staowing  Inteiconnectlan  Between  Starting  Swltcb  and  TjoMt- 
mediate  Flulon  of  1914  Delco-Cole  Syatom. 


reduction  of  40  to  1,  which  means  that  gear  F  must  make  40  revo- 
lutions to  one  of  the  clutch  body. 

The  ratchet  or  driven  member  of  the  overrunning  clutch  L  is 
pinned  to  the  engine  crankshaft  and  revolves  with  it  when  the  mo- 
tor is  operating,  rotating  inside  of  the  gear  B,  having  a  bearing  at 
K  and  turning  in  the  direction  of  the  arrow.  The  member  L  has 
three  flat  surfaces,  M,  cut  at  an  angle  to  the  inside  of  the  gear  B. 
On  each  of  these  a  hardened  steel  roller,  A,  is  held  inside  of  the 
gear  by  a  light  spring  and  against  the  flat  surface  of  the  member 


298        Starting,  Lighting  and  Ignition  Systems 


Switches  and  Current  Controlling  Devices      299 

L.  The  roller  travels  with  the  clutch  and  runs  free  against  the 
side  of  the  gear  B  when  the  engine  is  in  motion  and  when  the  start- 
ing gears  are  idle.  As  soon  as  the  current  is  directed  to  the  elec- 
tric starting  motor,  the  three  rollers  are  bound  between  the  clutch 
body  and  the  ratchet  member  carrying  them  and  the  crankshaft  is 
driven  until  such  time  as  the  engine  speed  increases  sufficiently  to 
overrun  that  of  the  member  attached  to  the  crankshaft. 

Overrunning  clutches  are  not  always  used  in  those  systems  in 
which  the  gears  are  moved  into  engagement,  as  in  that  shown  at 
Fig.  163,  the  clutch  is  omitted.  It  is  used  in  the  design  shown  at 
Fig.  164  however.  In  this  former,  the  starting  switch  and  the 
double  shifting  member,  GH,  are  mechanically  interconnected  so 
that  the  starting  switch  will  not  be  completely  engaged  until  gear- 
ing is  in  mesh.  The  larger  gear  H  of  the  sliding  members  meshes 
with  that  on  the  armature  shaft,  while  the  smaller  of  the  pair,  G, 
meshes  with  the  flywheel.  The  arrangement  of  the  parts  outlined 
is  used  on  the  Cole  car.  In  the  Hartford  starting  motor,  which  is 
shown  at  Fig.  152,  A,  the  clutch  is  of  the  friction  type  and  is  en- 
gaged automatically  when  the  energy  is  passed  through  the  motor 
winding  to  produce  movement  of  the  engine  crankshaft.  The  re- 
duction between  the  starting  motor  and  the  crankshaft  is  made  by 
a  worm  and  worm  gear.  When  the  switch  pedal  is  depressed  and 
the  switch  blades  go  into  contact  the  same  movement  produces 
pressure  on  the  end  of  the  lever  attached  to  R  R,  which  transmits 
a  strong  pull  on  the  friction  clutch  and  thus  connects  the  motor  to 
the  starting  gear.  The  Ward  Leonard  combination  is  shown  at 
Fig.  152,  B.  In  this  the  motor  is  carried  above  the  generator,  and 
but  one  driving  gear  is  needed  to  operate  both  the  generator  and 
to  enable  the  starting  motor  to  turn  over  the  engine  crankshaft. 
The  speed  reduction  is  by  an  intermediate  gear  shaft,  the  general 
operation  being  the  same  as  that  of  the  starter  previously  described. 

Switches  and  Current  Controlling  Devices. — The  various 
methods  of  operating  the  starting  switch,  which  may  be  intercon- 
nected with  the  gearing  to  turn  the  crankshaft,  are  shown  at  Fig. 
165.  All  of  the  methods  of  actuating  the  electric  self-starter  may 
be  grouped  into  three  main  classes:  one,  by  hand  lever;  two,  by 
pedals,  and  three,  by  semi-automatic  means.    The  method  at  A  is 
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used  on  some  Paige-Detroit  ears,  a  hand  lever,  A,  attached  to  the 

steering  column  being  used  to  make  the  mechanical  interconnection 
hetween  the  clutch  pedal  and  the  starting  gear  mechanism.  In  or- 
der to  safeguard  the  gearing  of  the  starter  the  electrical  connectioa 


Tig.  166. — Uethods  of  Actuating  Motor  Starting  Uechanism. 

cannot  be  effected  until  this  mechanical  interconnection  is  made. 
After  the  band  lever  is  thrown  over  in  the  proper  position,  de- 
pressing the  clutch  pedal  suflBces  to  permit  the  electrical  connection 
to  be  made  and  the  gasoline  engine  started.  In  the  Hupmobile 
control,  which  is  shown  at  B,  a  small  auxiliary  lever  S  is  used  to 
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pnt  the  starter  into  gear.  The  view  at  D  shows  a  small  pedal 
which  is  employed  to  make  the  starting  connection.  This  is  the  most 
popular  system,  especially  when  the  pedal  is  connected  with  the  cur- 
rent-controlling switch,  so  that  the  full  amount  of  current  will  not 
flow  to  the  motor  until  the  reduction  gearing  is  completely  engaged. 
An  example  of  the  semi-automatic  method  which  is  used  on  the 
ears  employing  the  Entz  starter,  namely,  the  Franklin,  Chalmers 


Fig.  166. — Coiutniction  of  Typical  Startliig  SvitclieB. 

and  White,  is  shown  at  C.  To  put  the  starter  in  operation  it  is 
only  necessary  to  move  the  handle  H  on  the  dashboard  or  other 
convenient  position,  where  it  may  be  readily  reached  with  the 
hand  or  foot.  This  method  is  called  the  semi-automatic,  because 
the  starter  operates  all  the  time  until  the  gasoline  engine  is  stopped 
by  short  circuiting  the  ignition.    The  first  step  is  to  throw  the  han- 
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die  to  the  ignition  point,  and  after  closing  the  ignition  switch,  it  is 
moved  in  the  same  direction  until  the  storage  battery  has  been  con- 
nected to  the  starter  generator.  It  is  not  necessary  to  tonch  the 
handle  again  until  one  desires  t«  stop  the  engine,  as  moving  the 
handle  to  the  other  extreme  of  its  operating  quadrant  first  opens 
the  connection  between  the  storage  battery  and  the  motor  generator 
and  then  interrupts  the  ignition.    "With  this  starting  system,  if  the 


Fig.  167. — Side  View  of  mng  Eight  Cylinder  Power  Flant  Sbowlng 
Location  of  Current  Oeneiator  and  Ignition  Dfstrlliutor. 

motor  sliould  be  stalled  for  any  reason  or  slow  down  below  its  nor- 
mal cranking  speed  the  starting  motor-generator  unit  automati- 
cally changes  from  a  generator  to  a  motor  and  turns  the  gasoline 
engine  crankshaft,  making  it  practically  impossible  to  stall  the 
engine  with  this  type  of  starter. 

Owing  to  the  large  amount  of  current  starting  switches  mast 
carry,  they  are  made  much  heavier  in  construction  than  lighting 
switches.    They  must  be  mechanically  strong  and  the  contact  areas 
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be  sufficiently  large  to  pass  a  current  of  from  40  to  200  amperes) 
depending  upon  the  voltage  of  the  starting  system  and  the  size  of 
the  engine  to  be  turned  over.  If  the  contact  points  were  not  of 
large  area  they  would  be  very  soon  burnt.  There  are  two  types  of 
starting  switches  in  common  use,  one  has  only  a  single  contact  and 
is  used  on  those  systems  in  which  the  motor  is  connected  at  once 
directly  to  the  battery  terminal.  The  other  type  of  switch  has  two 
sets  of  contacts,  the  first  one  completing  a  circuit  through  a  re- 
sistance, the  second  one  cutting  out  this  resistance  and  permitting 
the  maximum  current  to  flow.  The  Gray  &  Davis  laminated  switch, 
shown  at  Fig.  166,  A,  is  a  two-contact  form.  A  movement  of  the 
switch  actuator  first  engages  the  blades  with  the  contacts  E  E,  then 
the  arched  contact  piece  L  makes  a  connection  with  the  pieces  C  C 
to  allow  the  maximum  current  to  pass.  "With  the  switch  shown  at 
D,  which  is  also  of  Gray  &  Davis  manufacture,  there  are  no  start- 
ing gears,  and  the  only  necessary  operation  is  to  direct  the  current 
directly  from  the  battery  into  the  starting  motor  winding.  The 
switch  is  set  in  the  floor  boards  of  the  car  and  is  operated  by  the 
push  rod  P,  which  terminates  with  a  button.  The  contacts  C  and 
0  are  circular  in  form  and  their  free  ends  are  turned  away  from 
each  other  so  they  may  slip  down  over  the  members  R  and  S,  which 
are  set  in  the  insulating  piece  B.  As  soon  as  the  pressure  of  the 
foot  is  released  a  spring  returns  the  push  button  P  and  the  electric 
circuit  is  broken. 

The  switch  used  on  some  of  the  Delco  systems  is  shown  at  C. 
In  the  latest  form  the  motor  generator  has  two  independent  wind- 
ings, both  on  the  field  and  the  armature.  If  the  current  from  the 
battery  is  directed  into  the  generator  end  the  machine  acts  as  a 
shunt  motor  and  the  armature  rotates  at  a  moderate  speed.  If  the 
starting  gearing  will  not  mesh  immediately  when  brought  together 
a  starting  button  on  the  dashboard  enables  the  operator  to  pass  the 
current  through  the  generator  winding,  this  causing  the  armature 
to  turn  over  and  facilitating  meshing  of  the  gearing.  The  main 
starting  switch  has  only  two  points.  In  the  off  position  the  starter 
is  connected  directly  to  the  battery  terminal.  An  auxiliary  contact 
on  the  starting  switch  breaks  the  circuit  through  the  generator  end 
and  stops  the  current  flowing  when  the  device  is  used  as  a  starting 


Electrical  Switches  305 

motor.  A  heavy  copper  bar  is  moved  across  the  face  of  the  con- 
tacts B,  E  and  P,  the  switch  normally  connects  B  and  P,  a  feature 
which  is  necessary  because  of  the  dual  functions  of  the  combined 
motor  generator.  When  the  copper  bar  is  moved  to  the  left  con- 
tacts B  and  P  are  brought  into  full  electrical  connection  with  one 
another  and  the  entire  battery  current  then  flows  to  the  motor.  The 
contact  pieces  are  molded  into  a  piece  of  insulating  material.  The 
contact  bar  is  pressed  against  them  by  means  of  springs. 

Another  form  of  laminated  spring  switch,  which  is  known  as  the 
harpoon  type,  is  shown  at  B.  This  is  of  Ward  Leonard  design.  It 
is  designed  for  use  with  a  starter  having  flywheel  gear  drive,  there- 
fore it  provides  two  contact  points.  The  first  contiact  with  resist- 
ance in  circuit  is  secured  when  the  fingers  C  contact  or  make  con- 
nection with  the  plugs  E  and  P.  Purther  movement  of  the  switch 
short  circuits  the  resistance  by  closing  the  main  laminated  con- 
tacts M  M.  These  allow  for  considerable  latitude  of  movement. 
The  entire  switch  is  built  up  on  a  piece  of  slate  as  a  base  and  the 
resistance  coils  of  wire  are  placed  in  the  back  of  this  base  piece. 
The  switches  shown  may  be  considered  representative  design, 
though  the  construction  varies  with  practically  every  starting  sys- 
tem. The  writer  is  indebted  to  the  Horseless  Age  for  the  illustra- 
tions at  Pigs.  165  and  166. 
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ELECTRICAL  EQUIPMENT  SPECIFICATIONS. 

QCowrieay  of  Hortelesa  Age.) 

»  ■  

•D.  U.= DOUBLE  unit;  S.  U.= SINGLE  .UNIT;  G.  B.:=  GROUNDED  RETUBN; 

I.  R.= INSULATED  RETURN. 


Make  of 
Car 


Make  of 
System 


Type 


Make  of 
Battery 


No. 

of 

Cells 


Capa- 
city 
Amp 
Hrs. 


Voltage 

on 
Lamps 
Starter 


Head. 
Usht 
C.P. 


Type  of 
Dimmer 


YEAR  1912 


Cadillac. 

Cole 

Empire 

Franklin 

Haynes 

King 

Kline 

Lenox 

Marmon 

Paterson 

Peerless 

Simplex. 

Spaulding 

Steams 

White 

White 

AUen 

Apperson .... 

Cadillac 

Case 

Case 

Chadwick.. . . 
Chevrolet .... 

Cole 

Cunningham. . 

Dorris 

Empire 

Fiat 

Franklin 

GUde 

Haynes 

Hudson 

Imperial 

Interstate . . . . 

Jeffery 

Jackson 

King 

Kissel 

Kline 

Lenox 


Ddco 

W.  Leonard. . . 

Remy 

Entz 

Leece-Nev.. . , 
W.Leonard... 
Rushmore. . . . 

Splitdorf 

Aplco 

Auto-Lite. . . . 
Gray  &  Davis. 

Rushmore 

Deaco 

VesU 

vrnite. ...... 

^Vnite  ....... 


S.U. 


D.TJ. 
S.U. 
D.U. 
D.U. 
D.U. 


D.U. 
D.U. 
D.U 
S.U. 


S.U. 
S.U. 


Exide . . , 
WiUard.. 
Willard. 
Willard. 
Willard. 
Willard. 
"Willard. 
WUlard. 
Vesta . . , 
Willard. 
Willard. 
WiUard. 
Willard. 
Vesta.  .. 
Exide... 
Exide . . . 


12 
3 
3 
9 
6 
S 
3 
3 
3 
3 
3 
3 
3 
3 
9 
9 


80 
60 

100 
85 

100 
80 

120 
80 
60 
80 
60 

120 
60 
60 
35 
60 


6.5  24 
6 

7  6 
7  18 
6  12 
7.5  6 
6  6 
6 
6 

6  6 
6-7  6 
6-7 
6 
6 

7  21 
7       21 


6 
6 


YEAR  1913 


Auto-lite .... 
Gray  &  Davis. 

Delco 

Westioghouse 
Westinghouse 
Westinghouse 
Gray  &  Davis. 

Northeast 

Westinghouse  . 

Westinghouse  . 

Entz 

Westinghouse  . 

Leeoe-Ney 

Delco 

Northeast 

Aplco 

U.  S.  it. 

Auto-lite 

W.  Leonard 

EsterL&Kissel . 

Rushmore 

Gray  &  Davis. . 


Willard 

3 

120 

Willard 

3 

80 

Exide 

3 

120 

Willard 

3 

80 

Willard 

3 

120 

WiUard 

3 

80 

WiUard 

3 

100 

Exide 

3 

80 

WUlard 

8 

50 

Willard 

3 

80 

WUlard 

6 

50 

WUlard 

3 

120 

WUlard 

9 

35 

Willard 

3 

80 

WUlard 

6 

100 

Exide 

12 

. . . 

WUlard 

8 

120 

Apple»Mich. 

15 

100 

U.S.L 

12 

100 

WUlard 

3 

100 

^miard 

3 

80 

Exide 

6 

110 

WUlard 

3 

120 

WUlard 

3 

90 

6 
6 
7 
6 
6 
6 
6 
7 
8 
7 
14 
6 
7 
6 
6 
7. 
8 
6 
6. 
6 
7. 
6 
6 
6 


6 
6 
6 
6 
6 
6 

24 

5  16 

6 

12 

6 

18 

6 

12 

2  24 

30 

7  24 

6 

5     6 

12 

6 

6 


15 
18 
18 
16 
16 
20 
15 
21 
16 
15 
15 
15 
21 
16 

18 
20 
18,20 
15 
15 
15 
21 
24 
15 


Resist. 
D.Bulb 


Wir- 
ing 
Sys- 
tem 


16 

21 

15 

Resist. 

21 

•  • 

15 

24 

15 

24 

12 

15 

40 

21 

15 

21 

21 

LR. 

I.R. 

G.R. 

LR. 

I.R. 

I.R. 

LR. 

G.R. 

LR. 

LR. 

LR. 

G.R. 

LR. 

LR. 

LR. 

LR. 


•   >    •    •    < 

Series 


LR. 

LR. 

LR. 

G.R. 

G.R. 

G.R. 

LR. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

LR. 

G.R. 

LR. 

I.R. 

LR. 

LR. 

I.R. 

LR. 

LR. 

LR. 

LR. 

LR. 
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Make  of 

Make  of 

Type 

Make  of 

No. 

of 

CeUs 

Capa- 
city 

Voltage 
on 

Head- 
C?P 

Type  of 

Wir- 
ing 

Car 

System 

Battery 

Amp. 
Hrs. 

Lamps 
Starter 

Dimmer 

Sys- 
tem 

Lexington 

Jesco 

S.U. 

WiUard 

8 

120 

6 

6 

18 

I.R. 

LittieSix. 

Deaco 

S.U. 

WUlard 

3 

100 

6 

6 

15 

I.R. 

LocomobUe. . . . 

Adlake. 

D.U. 

WUlard 

8 

120 

6-7 

5.8 

21 

I.R. 

McFarian 

Vesta 

Vesta 

WUlard 

3 
3 

60 
100 

7 
6 

•  • 

6 

16 
24 

LR. 

Meroer 

Rushmore. .... 

D.U. 

G.R. 

MitcheU 

Esterline 

D.U. 

Gould 

6 

120 

6 

6 

12 

I.R. 

MoUne 

W.Leonard.... 

D.U. 

WUlard 

3 

100 

6 

6 

15 

D.Bulb 

I.R. 

Moyer 

U«  S.  L 

S.U. 

U.S.L 

12 

35 

7 

24 

24 

Series 

I.R. 

Marmon 

Northeast 

S.U. 

WiUard 

8 

50 

10 

16 

24 

I.R. 

National 

Gray  &  Davis.. 

D.U. 

WUlard 

3 

100 

6 

6 

15 

I.R. 

Oakland  (35) . . 

Deaco 

D.U. 

Exide 

3 

•  •  • 

6 

6 

12 

I.R. 

Oakland,  42, 60 

Delco 

S.U. 

Exide 

12 

6 

6 

12 

LR. 

Olds 

Delco 

U.S.L 

S.U. 
S.U. 

Exide 

U.S.L 

12 
12 

160 
80 

6-7 
6 

24 

24 

20 
16 

I.R. 

Overland. 

I.R. 

Packard  2-48.  . 

BijuT 

Exide 

Willard 

3 
3 

80 
100 

7 
7 

•  • 

7 

24 
24 

I.R. 

Packard  1-38 .  . 

Delco 

S.U. 

I.R. 

Paige-Detroit. . 

Gray  &  Davis.. 

D.U. 

WUlard 

3 

90 

7 

6 

15 

I.R. 

Paterson 

Auto-Lite 

D.U. 

WUlard 

3 

80 

6 

6 

12 

LR. 

Pathfinder. . . . 

Gray  &  Davis. . 

D.U. 

WUlard 

3 

80 

6 

6 

15 

G.R. 

Peerless 

Gray  &  Davis.. 

D.U. 

WUlard 

3 

120 

e-7 

6 

15 

I.R. 

Pierce-Arrow . . 

Westinghouse  . 

D.U. 

Exide 

.     3 

•  •  ■ 

6 

•  • 

21 

Resist. 

G.R. 

pUot 

Gray  &  Davis. . 
Gray  &  Davis.. 
Delco 

D.U. 
D.U. 
S.U. 
D.U. 

WUlard 

WUlard 

Exide 

WUlard 

3 
3 
3 
3 

80 
100 

•  •   • 

120 

6 

6.5 

6 

6-7 

6 
6 
6 
6 

15 
15 
16 
40 

Resist. 
D.Bulb 

G.R. 

Reo 

I.R. 

RepubUc 

Simplex 

LR. 

Rushmore 

G.R. 

Spaulding 

Gray  &  Davis. . 

D.U. 

WUlard 

3 

100 

6 

6. 

21 

LR. 

Steams. 

Gray  &  Davis. . 

D.U. 

WiUard 

3 

80 

6 

6 

15 

LR. 

Studebaker 

Wagner 

S.U. 

WiUard 

6 

50 

7 

12 

15 

LR. 

Stutz 

Esterline 

Gray  &  Davis. . 
Jesco 

S.U. 

D.U. 

S.U. 

■         •        • 

*  •        • 

•  •        • 

3 
3 
8 

80 
80 
35 

6 
6 
8 

6 

6 

16 

21 
15 
21 

Series. . . 

LR. 

VeUe 

LR. 

Westcott 

LR. 

White 

White 

S.U. 

Exide 

9 

35 

7 

21 

21 

LR. 

White 

White 

S.U. 

WUlard 

9 

60 

7 

21 

21 

I.R. 

YEAR  1914 

AUen 

Auto-lite 

Bijur 

D.U. 
D.U. 

Willard 

WUlard 

3 
3 

100 
80 

6 
6 

6 
6 

15 

18 

Series 

I.R. 

Apperson 

GUde 

I.R. 

Westinghouse  . 
Remy 

D.U. 
S.U. 

Willard 

WUlard 

3 
3 

80 
120 

6 

6 

6 
6 

16 
15 

Series 
D.Bulb 

G.R. 

Auburn 

I.R. 

Briscoe 

Aplco 

S.U. 

WUlard 

6 

60 

14 

•  • 

18 

D.Bulb 

G.R. 

Buick 

Delco , 

S.U. 

Exide 

3 

80 

6 

6 

•  • 

G.R. 

CadUlac 

Delco 

S.U. 

Exide 

3 

130 

7 

6 

18 

G.R. 

Case 

Westinghouse. . 
Westikighouse. . 
Westinghouse. . 
Westinghouse. . 

S.U. 
S.U. 
S.U. 
D.U. 

WiUard.... 

WiUard 

^mUard 

WiUard 

3 
3 
3 
3 

80 
100 
120 
100 

6 
6 
6 
6 

6 
6 
6 
6 

16 
16 
16 
20 

D.  Bulb 

G.B.\ 

Case 

G.R. 

Case 

G.R. 

Chadwick 

G.R. 

Chalmers 

Entz 

S.U. 

U.S.L 

9 

50 

7 

18 

24 

D.Bulb 

I.R. 

Chalmers 

Entz 

S.U. 

U.S.L 

9 

50 

21 

18 

21 

D.Bulb 

I.R. 

Chandler 

Westinghouse. . 

S.U. 

WiUard.... 

3 

80 

.6 

6 

18 

D.Bulb 

G.R. 

Chevrolet 

Gray  &  Davis. . 

S.U. 

WiUard 

3 

100 

6 

6 

15 

LR. 
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Make  of 
Car 

Make  of 
System 

Type 

Make  of 
Battery 

No. 

of 

Cells 

Capa- 
city 
Amp. 
Hrs. 

Voltage 

on 
Lamps 
Starter 

Head- 
light 
C.P. 

Type  of 
Dunmer 

Wir- 
ing 
Sys- 
tem 

Chevrolet 

Cole 

Auto-lite 

Delco 

Westinghouse. . 

Remy 

Westinghouse. . 
Entz 

S.U. 

S.U. 

D.U. 

S.U. 

D.U. 

S.U. 

S.U. 

D.U. 

S.U. 

D.U. 

S.U. 

S.U. 

S.U. 

D.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U. 

D.U. 

D.U. 

S.U. 

WiUard 

Kxide 

Willard 

Willard 

Willard 

3 
3 
3 
6 
3 
9 
3 
6 
3 
3 
8 
6 

12 
3 
6 
3 
3 
3 
3 
3 
3 

12 
3 
8 
3 
3 
3 

6 
6 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
9 
3 
3 
3 
3 

80 

120 

80 

50 

120 

35 

60 

72 

80 

100 

120 

100 

100 

80 

110 

120 

90 

100 

120 

80 

100 

30 

80 

50 

120 

80 

100 

•  ■    • 

120 
60 
80 

•  •   • 

1«0 

100 

120 

120 

90 

120 

80 

80 

120 

93 

80 

100 

•  •   • 

120 

50 

80 

100 

120 

80 

6 

7 

7 
14 

6 
21 

6 

6 

7.2 

6-7 

8 

6-7 

6-7 

7.5 

6 

6 

6 

6 

6-7 

6 

6 

6 

7 
10 

6 

6 

6 

•  • 

6 
6 
6 
7 

6-7 
7 
7 
7 
7 
6 
6 
6 

6-7 
6 
6 

6.5 
6 

6-7 
18 
6 
7 
7 
6 

6 

6 

6 
12 

6 
18 

6 
12 

6 

6 

•  • 

12 
24 

6 
12 

6 

6 

6 

5.8 

6 

6 
24 

•  • 

16 
6 
6 
6 

•  • 

6 
12 

6 

7 

6 

7 

7 

7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 
18 

6 

6 

7 

6 

15 
21 
15 
15 
15 
21 
12 

15 
15 
20 
18 
18 
15 
21 
24 
15 
16 
21 
18 
15 
24 
15 
24 
15 
12 
24 

•     a 

12 
15 
15 
12-18 
20 
24 
29 
29 
15 
12 
15 
15 
15 
21 
15 
15 
16 
40 
15 
15 
15 
21 
15 

•   •   •    •   •        •    • 

Resist. 
Resist. 

ResLBt. 

Resist. 

D.Bulb 

Resist. 

Resist. 

D.Bulb 

Resist. 

Series 
D.Bulb 
Resist. 
D.Bulb 

Resist. 
D.Bulb 

D.Bulb 

D.Bulb 

Resist. 
Resist. 
Series 
D.Bulb 

D.Bulb 

LR. 
G.R. 

Dorris 

Empire 

Fiat 

G.R. 
G.R. 
G.R. 

PVnnklin 

I.R. 

Grant 

Haynes 

Hudson 

AUis-Chalmers. 
Leece-Nev .... 
Delco 

Wright 

Willard 

Exide 

Willard 

WiUard 

U.S.L 

U.S.L 

Willard 

Exide 

Wniard 

WiUard.... 

Willard 

Willard 

Wfllard 

WUlar(f 

Willard 

Vesta 

Wfflard 

WOlard.... 

WUlard 

WUlard.... 

Willard 

WiUard 

WUlard 

WUlard 

Exide 

Exixe 

WiUard 

WUlard 

WUlard 

WUlard 

Exide 

Willard 

WiUard 

Willard 

Exide 

WUlard 

WiUard 

Exide 

Willard 

WUlard 

WiUard.... 

Willard 

Willkrd 

WUlard.... 

G.R. 

I.R. 

G.R. 

HuDD 

Westinghouse. . 

Northeast 

U.S.L 

U.S.L 

W.  Leonard. . . . 
EsterL  &  Kissel 
Rushmore 

G.R. 

Imperial 

J^ery-4 

Jeffery-6 

King 

LR. 
I.R. 
LR. 
I.R. 

Kissel 

Kline 

I.R. 
I.R. 

Lenox 

Lexington 

Ijocomobile 

Lozier 

L.P.C 

Lvon^Atl. .  .  . . 

Gray  &  Davis. . 
Jesco 

I.R. 
G.R. 

Gray  &  Davis. . 
Gray  &  Davis. . 

Remy ,. 

Northeast 

Deaco 

LR. 

G.R. 
I.R. 

McFarlan 

LR. 

Marmon 

Mason 

Northeast 

Jesco 

S.U. 

S.U. 

D.U. 

D.U. 

S.U. 

D.U. 

D.U. 

S.U. 

S.U. 

S.U. 

D.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U. 

S.U. 

D.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U. 

S.U. 

D.U. 

D.U. 

S.U. 

D.U. 

LR. 
I.R. 

Maxwell 

Mercer 

Gray  &  Davis. . 
Rushmore 

LR. 
G.R. 

Metz 

Northeast 

Remy 

Wagner 

Deaco 

Delco 

Delco 

MitcheU 

Moline 

National 

Oakland 

Olds. 

LR. 
LR. 
LR. 
LR. 
G.R. 

Packard  3-48 .  . 

Delco 

I.R. 

Packard  2-38 .  . 

Bijur 

I.R. 

Packard  4-48.  . 

Bijur 

LR. 

Puge 

Gray  &  Davis. . 
Delco 

G.R. 

Paterson 

I.R. 

Pathfinder-4... 
Pathfinder-6... 

Peerless 

Pierce-Arrow .  . 
Pilot 

Gray  &  Davis. . 

Deaco 

Gray  &  Davis. . 
Westinghouse. . 
Gray  &  Davis. . 
Natl.  &  Remy  . 
Delco 

G.R. 

G.R. 

LR. 

G.R. 

G.R. 

Reo 

I.R. 

Republic 

LR. 

Simplex 

Spaulding 

Rushmore 

Entz 

G.R. 
LR. 

Steams 

Studebaker 

Stutz 

Gray&  Davis.. 

Wagner 

Remy 

Gray  &  Davis. . 

G.R. 

I.R. 

I.R. 

Velie 

G.R. 
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Make  of 
Car 

Make  of 
System 

Type 

Make  of 
Battery 

No. 

of 

Cells 

Capa- 
city 
Amp. 
Hrs. 

Voltage 

on 
Lamps 
Starter 

Head- 
light 
C.P. 

Type  of 
Dimmer 

Wir- 
ing 
Sys- 
tem 

Westcott 

Jesco 

S.U. 

Willard 

3 

80 

7         6 

15 

D.Bulb 

G.R. 

White 

White 

S.U. 

9 

85 

7       21 

21 

I.R. 

White 

White 

S.U. 

9 

69 

7       21 

21 

I.R. 

Overland 

Gray  &  Davis. . 

D.tJ. 

WUlard 

3 

80 

6         6 

16 

I.R. 

Winton 

Gray  &  Davis. . 

Willard 

3 

80 

6 

15 

G.R. 

YEAR  1915 


Allen 

Apperson.  .  .  . 
Auburn  6 .  .  .  . 
Auburn  4 .  .  . . 

Briscoe 

Buick 

Cadillac 

Case 

Chadwick .... 
Chalmers. .  .  . 
Chalmers  32.. 

Chandler 

Chevrolet  C . . 
Chevrolet  6. . . 
Chevrolet  H.. 

Cole 

Cunningham. . 
Detroiter.  .  .  . 

Dodge 

Dorris 

Empire 

Fiat 

Franklin 

GKde 

Grant 

Haynes 

Hudson 

Hupmobile. . . 
Interstate .... 

Jeffery 

Jackson 

Keams 

iOng 

Kissel 

Kline 

Lenox 

Lexington. . . . 
Locomobile. .  . 

Lozier 

L.P.C 

liyons-Atl .... 
McFarlan .... 
Madison 


Westinghouse. 

Bijur 

Delco.  . .  . 
Remy .... 
Aplco. . . . 

Ddco 

Delco 

Westinghouse. . 
Westinghouse. . 

Entz 

Gray  &  Davis. . 
Gray  &  Davis. . 
Gray  &  Davis. . 

Auto-Lite 

Auto-Lite 

Delco 

Westinghouse. . 

Dyneto 

Northeast 

Westinghouse. . 

Remy 

Rushmore 

Dyneto 

Westinghouse. . 
Allis-Chalmers. 

Leece-Nev 

Delco 

Westinghouse. . 

Remy 

Bijur 

Auto-Lite 

Allis-Chalmers. 
W.  Leonard .  .  . 
West.  &  Kissel. 
Westinghouse. . 
Westinghouse. . 
Westinghouse. . 
Westinghouse. . 
Gray  &  Davis. . 

Remy 

Northeast 

Westinghouse. . 
Remy 


D.U. 

D.U. 

S.U. 

D.U. 

S.U. 

S.U. 

S.U. 

S.U. 

D.U, 

S.U. 

D.U. 

D.U. 

S.U. 

S.U. 

S.U. 

S.U. 

D.U. 

S.U. 

S.U. 

D.U. 

S.U. 

D.U. 

S.U. 

D.U. 

S.U. 

S.U. 

S.U. 

S.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U. 

D.U. 

D.U. 


D.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U. 

D.U. 


Wfllard.  . 

WiUard.  . 

Exide... 

Willard.. 

WiUard.. 

Exide... 

Exide... 

WiUard. 

WiUard., 

U.S.L.. 

WiUard.. 

Wfllard.. 

WiUard.. 

Wfllard.. 

Wfllard.. 

Exide... 

Wfllard. . 

G.  L.  B. . 

WiUard.  . 

Wfllard.. 

Wfllard.. 

U.S.L.. 

WiUard. 

Willard.  . 

Wright. . 

Wfllard. 

Exide . . . 

Wfllard. 

Wfllard. 

WflUrd. 

Wfllard. 

MiUer. . . 

Wfllard. 

WiUard. 

"^Uard. 

Exide... 

Wfllard. 

WiUard . 

WiUard . 

Wfllard. 

Wfllard. 

Wfllard. 

Wfllard. 


3 
3 
3 
3 
6 
3 
3 
3 
3 
9 
3 
3 
3 
3 
3 
3 
3 
7 
6 
3 
6 
3 
6 
3 
3 
3 
3 
6 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
12 
3 
3 


80 
80 

100 
80 
60 
80 

130 
80 

100 
60 
80 
80 

100 
80 
80 

120 

120 
35 
42 

100 
50 

120 
60 
80 
80 

100 

•  •   • 

50 

80 

100 

100 

■  ■   • 

80 
100 
120 
100 
100 
120 

80 
100 

30 
120 

80 


7 

6 

6 

6 
14 

6 

7 

6 

6 
21 

7 

7 

6 

6 

6 

7 

7 
12 
14 

7 
14 

6 
14 

6 

6 

6 

7.2 
14 

6 

6.4 

6 

6 

7.5 

6 

6 

6 

6 

6-7 

6 

6 

6 

7 

6 


6 

15 

T^   -       •      A 

ivesnn. 

6 

18 

Series 

6 

15 

6 

15 

•  • 

18 

D.  Bulb 

6 

16-21 

6 

18 

6 

16 

D.  Bulb 

6 

20 

D.Bulb 

18 

21 

Series 

6 

15 

D.Bulb 

6 

18 

D.  Bulb 

6 

15 

6 

15 

6 

18 

D  Bulb 

6 

21 

Resist. 

6 

15 

12 

21 

Resist. 

12 

15 

Resist. 

6 

15 

12 

15 

D.Bulb 

6 

15 

D.  Bulb 

12 

21 

D.Bulb 

6 

16 

D.Bulb 

6 

15 

Series 

6 

,   , 

Series 

7.2 

15 

Resist. 

12 

15 

Resist. 

6 

16 

Resist. 

6 

12-18 

Series 

6 

15 

D.Bulb 

6 

10 
15 

6 

D.Bulb 

6 

18-21 

Series 

6 

18 

D.Bulb 

6 

15 

6 

16 

Resist. 

5.8 

21 

6 

18-21 

Series 

6 

15 

D.Bulb 

24 

24 

Resist. 

6 

21 

D.Bulb 

6 

15 

D.  Bulb 

G.R. 

I.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

I.R. 

G.R. 

G.R. 

I.R. 

I.R. 

G.R. 

G.R. 

G.R. 

G.R. 

I.R. 

G.R. 

G.R. 

G.R. 

I.R. 

G.R. 

G.R. 

I.R. 

G.R. 

G.R 

G.R. 

G.R. 

I.R. 


I.R. 

G.R. 

I.R. 

G.R. 

G.R. 

G.R. 

G.R. 
I.R. 
G.R. 
G.R. 
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Make  of 
Car 


Make  of 
System 


Type 


Make  of 
Battery 


No. 

of 

Cells 


Capa- 
city 
Amp, 
Hrs. 


Voltage 

on 
Lamps 
Starter 


Head- 
light 
C.P. 


Tjrpe  of 
Dimmer 


Wip- 
ing 
Sys- 
tem 


Marion 

Bfarmon 

Bfaaon , 

Maxwell 

Mercer , 

Metz 

MitcheU 

Moline 

National 

Oakland 

Olds 

Overland 

Packard 

Paige. 

Paterson 

Pathfinder 

Peerless 

Pierce-Arrow . , 

Pilot 

Regal 

Regal 

Reo 

Republic 

Simplex-Crane 
Spaulding, . . . 

Steams 

Studebaker.. . 

Stutz . 

Velie 

Westcott 

White 

Wnton 


Westinghouse. . 

Bosch 

Westinghouse. . 
Simms*Huff . . , 

U»  0<  Li  ......  , 

Gray  &  Davis. 

Aplco 

Auto-Lite 

Westinghouse. . 

Delco 

Delco 

Auto-Lite 

Bijur 

Gray  &  Davis. 

Delco 

Westinghouse. 
Gray  &  Davis. 
Westinghouse. . 
Westinghouse. , 

Dyneto 

Rushmore. .  . . 
Natl.  &  Remy 

Delco 

Rushmore 

Entz 

Gray  &  Davis. 

Wagner 

Rany 

Gray  &  Davis. 

Delco 

White 

G.&D.,  Bijur 


S.U. 

D.U. 

D.U. 

S.U. 

S.U. 

D.U. 

S.U. 

D.U. 

D.U. 

S.U. 

S.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U. 

D.U. 

D.U. 

D.U. 

S.U. 

D.U 

D.U. 

S.U. 

D.U. 

S.U. 

D.U. 

D.U. 

S.U. 

D.U. 

S.U. 

S.U. 

D.U. 


WUlard.  . 
Willard.  . 
WUlard.. 
Presto .  .  . 
U.  S.  L. . . 
Willard.. 
Willard.. 
Willard.. 
Willard.. 

Exide 

Exide 

u.s.L.wm 

Willard. 
WiUard. 
Exide . . . 
WiUard. 
WUlard. 
Exide . . . 
WUlard. 


WUlard 

Exide . . 

WUlard. 

WUlard. 

WiUard. 

WUlard, 

WUlard, 

WUlard. 

Exide.. 


WUlard, 


3 
6 
3 
6 
6 
3 
6 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
9 
6 
3 
3 
3 
3 
9 
3 


120 

60 

80 

35 
100 

60 
120 
100 
100 

•  •   • 

120 
80 

120 
90 

120 

120 
80,120 

113 

100 
35 
80 

100 

•  ■   • 

120 
50 
80 

100 

120 
80 
80 
35,60 

120 


6 
12 

6 

6 
12 

6 

7 

6 

6 

7 

6-7 

6 

7 

7 

6 

6 

6-7 

6-7 

6 
12 

6 

6.5 

6 

7 
18 

6 

7 

7 

6 

7 
21 

6 


6 

12 
6 
6 

12 
6 

12 
6 
6 
7 
6 
6 
7 
6 
6 
6 
6 
6 
6 

12 
6 
6 
6 
7 

18 

12 
6 
7 
6 
6 

21 
6 


15 
25 
18 
12 
18 
15 
15 
15 
15 
16 
18-20 
16 
24 
15 
16 
15 
15 
21 
15 
21 
21 
15 
15 
40 
15 
12 
15 
21 
15 
15 
21 
15 


Resist. 
D.Bulb 


Series 

D.Bulb 

D.Bulb 

Series 

Resist. 


D.Bulb 

Resist. 

D.Bulb 


Resist. 

Resist. 

Series 

Series 

Series 

D.Bulb 

D.Bulb 
D.Bulb 
Series 


Resist. 
D.Bulb 


G.R. 

G.R. 

LR. 

G.R. 

G.R. 

I.R. 

I.R. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

LR. 

LR. 

G.R. 

LR. 

G.R. 

LR. 

LR. 

G.R. 

G.R. 

LR. 

G.R. 


YEAR  1916 


AUen 

Apperson.  .  . 
Aubum-40.  . 
Aubum-38.  . 

Briscoe 

Buick 

CadUlac 

Case 

Chadwick. . . 
Chalmers.  .  . 
Chalmers  82. 
Chandler. . . . 
Chevrolet. . . 

Crow 

Dorris 


Westinghouse. 

Bijur 

Delco 

Remy 

Aplco 

Delco 

Delco 

Westinghouse. 
Westinghouse. 

Entz 

Gray  &  Davis. 
Gray  &  Davis. 
Auto-Lite .... 

Disco 

Westinghouse. 


D.U. 

D.U. 

S.U. 

D.U. 

S.U. 

S.U. 

S.U. 

S.U. 

D.U. 

S.U. 

D.U 

D.U. 

S.U. 

S.U. 

D.U. 


Gould 

3 

80 

WUlard 

3 

80 

WUlard 

3 

80 

WUlard 

3 

60 

WUlard 

3 

60 

Exide 

3 

80,100 

Exide 

3 

130 

Exide 

3 

80 

WUlard 

3 

100 

U.  S.  L. 

9 

50 

WiUard 

3 

80 

WUlard 

3 

80 

WUlard 

3 

80 

Detroit 

6 

35 

WUlard 

3 

100 

7 

6 

6 

6 

7 

6 

8 

7.5 

6 
21 

7 

7 

6 
12 

7 


6 
6 
6 
6 
7 
6 
6 
6 
6 

18 
6 
6 
6 

12 
6 


15 

Resist. 

18 

Series 

15 

D.Bulb 

15 

D.Bulb 

15 

D.Bulb 

16-21 

Resist. 

18 

18 

D.Bulb 

20 

D.Bulb 

21 

Series 

15 

D.Bulb 

18 

D.Bulb 

18 

D.Bulb 

15 

D.Bulb 

15 

Resist. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

G.R, 

G,R. 

G.R. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 
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Make  of 
Car 


Empire .... 

Fiat 

Franklin ... 

GUde 

Grant 

Haynes 

Hudson.-. . . 

Hupp 

Interstate 

Jackson 

JefFery 

Keams 

Kissel 

Lenox 

Lexing^ton 

Locomobile. .  . . 

Lozier 

L.P.C 

McFarlan 

Marion 

Marmon 

Maxwell 

Mercer 

Metz 

Mitchell-6 

MitcheU-8 

National 

Oakland-32 

Oakland-38»  60. 

Olds 

Overland 

Packard . ,. 

Paige 

Pateraon 

Pathfinder. . . . 

Peerless 

Pierce-Arrow .  . 

PUot 

Pflot 

Regal 

Reo 

Republic 

Simplex-Crane . 

Spaulding 

Steams 

Studebaker. . . . 

Stutz 

VeUe 

Westcott 

White 

Winton 


Make  of 
System 


Auto-Lite 
Rushjtnore 
Dyneto .  . 
Westinghouse 
Allifl  Chalmers 
Leece-Nev. 
Delco. . . 
Bijur. . . . 
Remy. . . . 
Auto-Lite 
Bijur .... 

Disco 

West.  &  Kissel 
Westinghouse. 
Westinghouse 
Westinghouse 
Gray  &  Davis, 
Remy.  . 
Westinghouse 
Westinghouse. 

Bosch 

Simms-Huff 
U.  S.  L .  .  .  . 
Gray  &  Davis. 
Aplco.  . 
Westinghouse. 
Westinghouse. 
Remy.  .  . 
Delco . . . 
Delco. . . 
Auto-Ldte 
Bijur .... 
Gray  &  Davis. 
Delco.  . 
Westinghouse. 
Gray  &  Davis 
Westinghouse. 
Westinghouse. 
Delco.  .  . . 
Dyneto . , 
Remy. . . 
Delco. . . . 
Rushmore 

Entz 

Westinghouse. 
Wagner. 
Remy. . 
Gray  &  Davis. 
Delco. . . 
White. . 
Bijur . . . 


Type 


D.U 

D.U. 

S.U 

D.U. 

3.U. 

S.U. 

S.U. 

D.U. 

D.U 

D.U. 

D.U. 

S.U 

D.U. 

D.U. 

D.U. 

D.U 

D.U. 

S.U. 

D.U 

S.U. 

D.U. 

S.U. 

S.U. 

D.U. 

S.U. 

D.U. 

D.U. 

D.U. 

S.U. 

S.U. 

D.U. 

D.U. 

D.U 

D.U. 

D.U. 

D.U 

D.U. 

D.U. 

S.U 

S.U 

D.U. 

S.U. 

D.U. 

S.U. 

D.U 

D.U. 

S.U. 

D.U 

S.U. 

S.U. 

D.U. 


Make  of 
Batteary 


WiUard... 
U*  S*  L. . . . 
Willard... 
Presto .... 
Wright. . . . 
Willard . . . 

Exide 

Willard. . . 
WiUard... 
WiUard... 
U.  S.  L. . . . 
PiunpeUy.. 
Wfllard... 

Exide 

WiUard... 
WiUard... 
Willard... 
WUlard... 

Gould 

WUlard. . . 
WUlard... 
Presto.  .  .  . 
U.S.L.... 
WiUard..  . 
WUlard... 
WUlard... 
WUlard... 
WiUard. . . 

Exide 

Exide 

WUlard... 
WUlard... 
WUlard... 
WUlard . . . 
WUlard... 
WUlard... 

Exide 

WUlard... 

WUlard... 

Gould,U.S.L 

WUlard., 

Exide.. . 

Gould. . . 

WUlard., 

WiUard. , 

WUlard., 

WUlard.. 

WUlard.. 

WUlard.. 

Exide... 

WiUard. 


No. 

of 

Cells 


I 


8 
8 
6 
8 
8 
8 
8 
8 
8 
3 
8 
6 
3 
3 
8 
3 
8 
6 
3 
3 
6 
6 
6 
8 
6 
3 
3 
8 
8 
8 
8 
8 
3 
3 
8 
8 
3 
3 
3 
6 
3 
3 
8 
9 
6 
3 
8 
3 
8 
9 
3 


Capa- 
city 
Amp 
Hrs. 


80 

120 

60 

80 

80 

100 

80 

60 

80 

100 

80 

40 

108 

100 

100 

120 

80 

100 

120 

120 

60 

35 

100 

60 

120 

120 

95 


80 

80,120 

120 

90 

80 

6a 

80 
135 
100 
100 
35,50 
100 

•  •   • 

120 
50 
80 

100 

120 
80 

100 
35,60 

120 


Voltage 

on 
Lamps 
Starter 


7 
6 
14 
6 
6 
6 


6 
6 
12 
6 
6 
6 


7.2  7.2 

7-8  6 

6  6 
6'  6 
7.5  6 

12  12 

7  6 
6  6 
6  6 
6-7  5.8 

6  6 
12-14  12 

7  6 


6 
12 

7 
12 

6 

7 

7 

6 

7 

7 

6-7 

6 

7 

7 

6 

6 

6-7 

6-7 

6 

6 
12 

7 

6 

7 
18 
12 

7 

7 

6 

7 
21 

6 


6 
12 

6 
12 

6 
12 

6 

6 

7 

7 

6 

6 

7 

6 

6 

6 

6 

6 

6. 

6 
12 

6 

6 

7 
18 
12. 

6 

7 

6 

6 
21 

6 


Head 
light 
C.P. 


15 
15 
21 
16 
15 

•   • 

15 
15  s 
16 
15 
18 
10 
18 
15 
16 
21 
18-21 
15 
21 
55 
25 
12 
18 
15 
15 
15 
15 
12 
12 
18 
16 
24 
15 
16 

15 
21 
15 
15 
21 
17 
16 
40 
15 
18 
15 
21 
15 
16 
21 
16 


Type  of 
Dimmer 


D.Bulb 

D.Bulb 

D.Bulb 

D.Bulb 

Series 

Series 

Resist. 

Resist. 

Resist. 

Series 

D.  Bulb 


Series 


D.Bulb 


Series 

D.Bulb 

D.Bulb 


Resist. 
D.Bulb 


Series 

Series 

D.Bulb 

Series 

Series 

Resist. 

Series 

D.Bulb 
D.Bulb 
D.Bulb 


Resist. 

Resist. 

Resist. 

Series 

Series 

D.Bulb 

D.  Bulb 

D.Bulb 

D.Bulb 

Resist. 

D.Bulb 

•     •     •     a     •     •     ■ 

D.Bulb 
D.Bulb 


Wir- 
ing 
Sys- 
tem 


G.R. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 


G.R. 
G.R. 
G.R. 
G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

I.R. 

LR. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

G.R. 

LR. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

G.R. 

I.R. 

LR. 

G.R. 

LR. 

G.R. 

G.R. 

LR. 

G.R. 

G.R. 

LR. 

G.R, 


CHAPTER   V 

TYPICAL    STARTING    AND    LIGHTING    SYSTEMS 

Delco — Dyneto-Entz — Auto-Lite — Gray  &  Davis — North  East — Bijur — Simms- 
Huff — Genemotor — One  Unit  Ford  System — ^Bosch-Rushmore — ^Remy — 
Westinghouse. 

Delco  Systems. — The  various  components  of  the  Deleo  ignition 
system  have  been  outlined  in  the  preceding  chapter  on  ignition. 
A  wiring  diagram  of  the  1914  Delco-Olds  system  .is  shown  at  the 
top  of  Fig.  168  for  those  with  a  sufiBcient  knowledge  of  electricity 
to  be  able  to  trace  the  various  wires.  All  of  the  units  are  shown 
in  diagram  form,  but  the  operation  of  the  system  may  be  easily 
understood  if  this  is  studied  in  connection  with  the  diagram  at 
Fig.  169.  The  ignition  system  will  draw  its  current  either  from 
a  five-cell  dry  battery  or  from  the  storage  battery.  The  function 
of  the  ignition  relay  has  been  previously  described.  It  will  be  ob- 
served that  this  system  operates  on  the  one  wire  method,  all  con- 
nections for  return  of  current  to  the  storage  battery  and  the  various 
units  being  made  by  the  motor  car  frame.  The  broken  lines  indi- 
cate a  ground  connection,  while  the  full  lines  designate  wires. 
Considering  the  starting  connections  first,  it  will  be  apparent  that 
one  of  the  terminals  of  the  storage  battery  is  grounded  to  the  frame, 
whereas  the  other  is  joined  to  one  of  the  terminals  of  the  starting 
switch.  The  other  terminal  of  the  starting  switch  is  joined  to  the 
windings  of  the  motor  generator,  which  makes  that  device  act  as 
a  motor  to  turn  the  engine  crankshaft.  The  return  from  the  mo- 
tor windings  to  the  storage  battery  is  by  means  of  a  grounded  re- 
turn wire.  With  the  switch  in  the  position  shown,  the  starting 
windings  are  not  connected  with  the  storage  battery,  but  the  gen- 
erator windings  are.    One  of  the  generator  terminals  is  joined  di- 
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rectly  to  the  frame.  The  other  passes  through  the  cutout  relay 
and  through  the  voltage  regulator,  both  of  which  have  been  pre- 
viously described.  Six  of  the  terminals  on  the  distributor  head, 
which  are  for  ignition,  are  joined  to  the  spark  plugs.  The  remain- 
ing terminal,  which  is  in  the  center  of  the  group,  is  joined  to  the 
secondary  terminal  of  the  ignition  coil.  The  circuit  through  the 
secondary  is  completed  through  a  grounding  wire,  which  is  in  elec- 
trical contact  with  the  grounded  bodies  of  the  spark  plugs.  The 
insulated  terminals  of  the  spark  plugs  are  joined  to  the  six  terminals 
on  the  distributor  head.  The  primary  winding  of  the  ignition  coil 
is  joined  to  the  circuit  breaker  through  one  terminal,  this  in  turn 
passing  through  the  dry  battery  to  the  ignition  relay.  The  other 
terminal  of  the  ignition  coil  is  joined  to  the  starting,  lighting  and 
ignition  switch  by  a  suitable  conductor. 

The  arrangement  of  this  switch  is  such  that  the  current  may  be 
supplied  directly  to  the  head,  side  and  tail  lamps  from  the  storage 
battery  at  all  times  that  the  switch  circuit  is  closed.  It  is  also  pos- 
sible to  draw  the  ignition  current  either  from  the  six-volt  storage 
battery  or  from  the  battery  of  dry  cells.  The  only  time  that  the 
storage  battery  current  flows  through  the  starting  motor  windings 
is  when  the  starting  switch  closes  the  circuit  between  the  storage 
battery  and  the  motor.  At  all  other  times  the  starting  switch  mem- 
ber is  in  such  a  position  that  the  generator  windings  are  in  action 
and  that  the  current  from  the  armature  is  being  passed  into  the 
storage  battery. 

Delco  Motor  Grenerator. — The  motor  generator  which  is  located 
on  the  right  side  of  the  engine  as  at  Fig.  170  is  the  principal  part 
of  the  Delco  System.  This  consists  essentially  of  a  dynamo  with 
two  field  windings,  and  two  windings  on  the  armature  with  two 
commutators  and  corresponding  sets  of  brushes,  in  order  that 
the  ignition  apparatus  incorporated  in  the  forward  end  of  the 
machine  may  work  both  as  a  starting  motor,  and  as  a  generator  for 
charging  the  battery  and  supplying  the  lights,  horn  and  ignition. 
The  ignition  apparatus  is  incorporated  in  the  forward  end  of  the 
motor  generator.  This  in  no  way  affects  the  working  of  the  gen- 
erator, it  being  mounted  in  this  manner  simply  as  a  convenient 
and  accessible  mounting. 
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The  motor  generator  has  three  distinct  functions  to  perform 
which  are  es  follows:  No.  1 — Motoring  the  Generator.  No.  2 — 
Cranking  the  Engine.    No.  3 — Generating  Electrical  Enei^y. 

Motoring  the  Qenerator. — Motoring  the  generator  is  accom- 
plished when  the  ignition  button  on  the  switch  is  puUed  out.  Thia 
allows  current  to  come  from  the  storage  battery  through  the  am- 
meter on  the  combination  switch,  causing  it  to  show  a  discharge. 


Fig.  170.— Application  of  Delco  Motor  Qenetatot  to  1916  Hudson  Engine. 

The  first  reading  of  the  meter  will  be  much  more  than  the  reading 
after  the  armature  is  turning  freely.  The  current 'discharging 
through  the  ammeter  during  this  operation  is  the  current  required 
to  slowly  revolve  the  armature  and  what  is  used  for  the  ignition. 
The  ignition  current  flows  only  when  the  contacts  are  closed,  it  being 
an  intermittent  current.  The  maximum,  ignition  current  is  obtained 
when  the  circuit  is  first  closed  and  the  resistance  unit  on  the  rear 
end  of  the  coil  is  cold.    The  current  at  this  time  is  approximately 
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6  amperes,  but  soon  deereases  to  approztmetely  3^  amperes.  Then 
as  the  engine  is  running  it  further  decreases  until  at  1,000  revolTi- 
tions  of  the  engine  it  is  approximately  1  ampere. 

This  motoring  of  tiie  generator  is  necessary  in  order  that  tlie 
starting  gears  may  be  brought  into  mesh,  and  should  tronble  be 
experienced  in  meshing  these  gears,  do  not  try  to  force  them,  simpfy 


Fig.  171. — ^Diagtams  EzpUlnins  Constmctioii  of  I>elco  Mobv  a«norMoc 
Having  Tliiid  Brnsli  Cnrfent  CoatxoL 
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allow  the  starting  pedal  to  come  back,  giving  the  gears  time  to 
change  their  relative  position. 

Generator  Clutch. — A  clicking  sound  will  be  heard  during  the 
motoring  of  the  generator.  This  is  caused  by  the  overrunning  of 
the  clutch  in  the  forward  end  of  the  generator  which  is  shown  in 
view  1,  Pig.  171. 

The  purpose  of  the  generator  clutch  is  to  allow  the  armature  la 
revolve  at  a  higher  speed  than  the  pump  shaft  during  the  cranking^ 
operation  and  permitting  the  pump  shaft  to  drive  the  armature 


Tiz-  172. — The  Deko  Overrunning  Clutcb. 

when  the  enplne  is  running  on  its  own  power.  A  spiral  gear  is  cut 
on  the  outer  face  of  this  dutch  for  driving  the  distributor.  This 
portion  of  the  clutch  is  connected  by  an  Oldham  coupling  to  the 
pump  shaft.  Therefore,  its  relation  to  the  pump  shaft  is  always 
tiie  same  and  does  not  throw  the  ignition  out  of  time  during  the 
cranking  operation.  This  clutch  receives  lubrication  from  the  oil 
that  is  contained  in  the  front  end  of  the  generator  which  is  put  in 
at  B  (view  1).  This  is  to  receive  oil  eadi  week  sufficient  to  bring 
the  oil  up  to  the  level  of  the  oiler.  The  arrangement  of  clutch  parts 
is  shown  at  Fig.  172. 

Orankinsf  Operation. — The  cranking  operation  takes  place  when 
the  starting  pedal  is  fully  depressed.    The  starting  pedal  brings  the 
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motor  clutch  gears  (view  1)  into  mesh  and  withdraws  the  pin  P, 
(views  1  and  2)  allowing  the  motor  brush  switch  to  make  contact 
on  the  motor  commutator.  At  the  same  time  the  generator  switch 
breaks  contact.  This  cuts  out  the  generator  element  during  the 
cranking  operation.  As  soon  a^  the  motor  brush  makes  contact  on 
the  commutator  a  heavy  current  from  the  storage  battery  flows 
through  the  series  field  winding  and  the  motor  winding  on  the 
armature.  This  rotates  the  armature  and  performs  the  cranking 
operation.  The  cranking  circuit  is  shown  in  the  heavy  lines  on  the 
circuit  diagram  (Fig.  173).  This  cranking  operation  requires  a 
heavy  current  from  the  storage  battery,  and  if  the  lights  are  on 
during  the  cranking  operation,  the  heavy  discharge  from  the  bat- 
tery causes  the  voltage  of  the  battery  to  decrease  enough  to  cause 
the  lights  to  grow  dim.  This  is  noticed  especially  when  the  battery 
is  nearly  discharged ;  also  will  be  more  apparent  with  a  stiflE  motor 
or  with  a  loose  or  poor  connection  in  the  battery  circuit  or  a  nearly 
discharged  battery.  It  is  on  account  of  this  heavy  discharge  current 
that  the  cranking  should  not  be  continued  any  longer  than  is  neces- 
sary, although  a  fully  charged  battery  will  crank  the  engine  for 
several  minutes. 

During  the  cranking  operation  the  ammeter  will  show  a  dis- 
charge. This  is  the  currenlTthat  is  used  both  in  the  shunt  field 
winding  and  the  ignition  current;  the  ignition  current  being  an 
intermittent  current  of  comparatively  low  frequency  wiU  cause  the 
ammeter  to  vibrate  during  the  cranking  operation.  If  the  lights 
are  on  the  meter  will  show  a  heavier  discharge.  The  main  cranking 
current  is  not  conducted  through  the  ammeter,  as  this  is  a  very 
heavy  current  and  it  would  be  impossible  to  conduct  this  heavy  cur- 
rent through  the  ammeter  and  still  have  an  ammeter  that  is  sensitive 
enough  to  indicate  accurately  the  charging  current  and  the  current 
for  lights  and  ignition.  As  soon  as  the  engine  fires  the  starting 
pedal  should  be  released  immediately,  as  the  overrunning  motor 
clutch  is  operating  from  the  time  the  engine  fires  until  the  starting 
gears  are  out  of  mesh.  Since  they  operate  at  a  very  high  speed,  if 
they  are  held  in  mesh  for  any  length  of  time,  there  is  enough  friction 
in  this  clutch  to  cause  it  to  heat  and  bum  out  the  lubricant.  There 
is  no  necessity  for  holding  the  gears  in  mesh. 
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Motor  Clutch. — The  motor  clutch  operates  between  the  flywheel 
and  the  armature  pinion  for  the  purpose  of  getting  a  suitable  gear 
reduction  between  the  motor  generator  and  the  flywheeL  It  also 
prevents  liie  armature  from  being  driven  at  an  excessively  high 
speed  during  the  short  time  the  gears  are  meshed  after  the  engine 
is  running  on  its  own  power.  This  clutch  is  lubricated  by  the 
grease  cup  A,  shown  in  view  1,  Fig.  171.  This  forces  grease 
through  the  hoUow  shaft  to  the  inside  of  the  clutch.  This  cup 
should  be  given  a  turn  or  two  every  week. 

Generating  Electrical  Energy. — When  the  cranking  operation 
is  finished  the  motor  brush  switch  is  raised  off  the  commutator  by 
the  pin  P  when  the  starting  pedal  is  released.  This  throws  the 
starting  motor  out  of  action.  As  the  motor  brush  is  raised  off  the 
commutator  the  generator  switch  makes  contact  and  completes  the 
charging  circuit.  The  armature  is  then  driven  by  the  extension  of 
the  pump  shaft  and  the  charging  begins.  At  speeds  above  approxi- 
mately 7  miles  per  hour  the  generator  voltage  is  higher  than  the 
voltage  of  the  storage  battery  which  causes  current  to  flow  from 
the  generator  winding  through  the  armature  in  the  proper  direc- 
tion to  charge  the  storage  battery.  As  the  speed  increases  up  to 
approximately  20  miles  per  hour  this  charging  current  increases, 
but  at  the  higher  speeds  the  charging  current  decreases.  The 
curve,  Fig.  173,  shows  approximately  the  charging  current  that 
should  be  received  for  different  speeds  of  the  car.  There  will  be 
slight  variations  from  this  due  to  temperature  changes  and  condi- 
tions  of  the  battery  which  will  amount  to  as  much  as  from  2  to  3 
amperes. 

Lubrication. — ^There  are  five  places  to  lubricate  this  Delco  Sys- 
tem. No.  1 — The  grease  cup  for  lubricating  the  motor  clutch  (D, 
view  1,  Fig.  171).  No.  2 — Oiler  for  lubricating  the  generator 
clutch  and  forward  armature  bearing  (B).  No.  3 — The  oil  hole 
(C)  for  lubricating  the  bearings  on  the  rear  of  the  armature  shaft. 
This  is  exposed  when  the  rear  end  cover  is  removed.  This  should 
receive  oil  once  a  week.  No.  4 — The  oil  hole  in  the  distributor,  at 
A,  for  lubricating  the  top  bearing  of  the  distributor  shaft.  This 
should  receive  oil  once  a  week.  No.  5 — This  is  the  inside  of  the 
distributor  head.    This  should  be  lubricated  with  a  small  amount 
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of  vaseline,  carefully  applied  two  or  three  times  during  the  first 
2,000  miles  running  of  the  car,  after  which  it  will  require  no  atten- 
tion. This  is  to  secure  a  burnished  track  for  the  rotor  brush  on 
the  distributor  head.  This  grease  should  be  sparingly  applied  and 
the  head  wiped  clean  from  dust  and  dirt. 

Delco  Voltage  Begulator. — In  the  1914  Delco  systems  a  voltage 
regulator  such  as  shown  at  C,  Pig.  39  (Chapter  II)  is  used.    The 
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Fig.  175. — Simple  Water  Analogy  to  Outline  Clearly  the  Operation  of  the 

1913  and  1914  Delco  Voltage  Begulator. 


function  of  this  device  is  to  prevent  too  much  current  flowing  to 
the  storage  battery  when  the  engine  is  running  at  high  speed.  As 
the  voltage  of  the  storage  battery  will  vary  with  its  condition  of 
charge  the  intensity  of  the  magnetic  pull  exerted  by  the  solenoid 
A  upon  the  plunger  C  varies  and  causes  a  contact  attached  to  the 
plunger  to  move  in  and  out  of  mercury  which  is  contained  in  the 
bottom  of  the  mercury  tube  B.  When  the  battery  is  in  a  dis- 
charged condition  the  plunger  C  assumes  a  low  position  in  the 
mercury  tube,  and  when  in  this  position  the  coil  of  resistance  wire 
carried  upon  the  lower  portion  is  immersed  in  the  mercury,  and 
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as  the  plunger  rises  the  coil  is  withdrawn.  As  the  plunger  is  with- 
drawn from  the  mercury  more  resistance  is  thrown  into  the  cir- 
cuit and  the  greater  resistance  causes  the  amount  of  current  flow- 
ing to  the  battery  to  be  gradually  reduced  as  the  battery  nears 
the  state  of  complete  charge  until  finally  the  plunger  is  almost  com- 
pletely withdrawn  from  the  mercury,  throwing  the  entire  length 
of  the  resistance  coil  into  the  shunt  field  circuit,  thus  causing  an 
electrical  balance  between  the  battery  and  the  generator  and  elim- 
inating any  possibility  of  over-charging  the  battery.  A  description 
of  the  voltage  regulator  follows :  A  solenoid  coil  A  surrounds  the 
upper  half  of  a  mercury-containing  tube  B.  A  plunger  C,  com- 
prising an  iron  tube  with  a  coil  of  resistance  wire  R  wrapped 
around  the  lower  portion  on  top  of  mica  insulation,  is  adapted  to 
be  drawn  up  into  the  solenoid  as  the  battery  current  increases  in 
strength.  One  end  of  this  resistance  coil  is  attached  to  the  lower 
end  of  the  tube,  the  other  end  being  connected  to  a  rod  B  in  the 
center  of  the  plunger.  The  lower  portion  of  the  mercury  tube  is 
divided  into  two  concentric  wells  by  an  insulating  member,  the 
plunger  tube  being  partly  immersed  in  the  outer,  well  and  the  rod 
in  the  inner  well.  The  space  in  the  mercury  tube  above  the  mer- 
cury is  filled  with  a  special  oil,  which  serves  to  lubricate  the 
plunger  as  well  as  protect  the  mercury  from  oxidation.  The  de- 
vice is  connected  to  the  shunt  field  of  the  generator  so  that  the 
current  must  follow  a  path  leading  into  the  outer  well  of  mer- 
cury through  the  resistance  coil  R  to  the  rods  carried  at  the  center 
of  the  plunger,  from  thence  into  the  center  well  of  mercury  and 
out  of  the  regulator.  The  more  the  resistance  coil  R  is  pulled  out 
of  the  mercury  the  more  resistance  is  interposed  in  the  field  circuit 
and  a  smaller  amount  of  the  generator  current  is  going  to  charge 
the  storage  battery. 

The  illustration  at  Fig.  175  makes  the  operation  of  the  1914 
Delco  voltage  regulator  easily  understood  and  here  again  we  use 
the  water  analogy.  When  the  water  tank  is  empty  little  resistance 
is  oflPered  to  the  flow  of  water  into  it.  This  means  that  but  small 
pressure  is  necessary  to  overcome  the  resistance  and  to  force  the 
water  into  the.  tank.  The  regulating  valve  will  remain  wide  open 
and  allow  a  large  quantity  of  water  to  be  pumped.    As  the  amount 
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of  water  in  the  tank  increases  the  pressure  in  the  pipe  line  also 
becomes  greater,  and  this  increased  pressure  acting  through  the 
pressure  cylinder  flows  into  the  valve  and  thereby  decreases  the 
flow  of  water.  When  the  tank  is  about  full  of  water  the  valve  is 
so  nearly  closed  that  only  a  small  amount  of  water  is  pumped. 
Considering  the  action  from  an  electrical  point  of  view,  when  the 
storage  battery^ is  discharged  it  offers  but  little  resistance  to  the 
flow  of  the  charging  current.  It  does  not  require  much  voltage 
to  produce  a  current  flow  in  a  circuit  of  low  resistance  so  the 
current  regulating  plunger  will  remain  low  in  its  tube,  this  al- 
lowing a  large  quantity  of  current  to  be  generated.  As  the  storage 
battery  becomes  charged  the  pressure  on  the  line  increases  and 
this  acting  through  the  voltage  regulating  coil  lifts  the  plunger 
out  of  the  mercury  and  reduces  the  flow  of  current.  When  the 
storage  battery  is  fully  charged  the  regulating  plunger  is  nearly 
all  out  of  the  mercury  and  only  a  small  amount  of  electricity  is 
supplied  to  the  battery. 

It  will  be  noticed  that  in  the"  wiring  diagram  shown  at  Fig. 
176  a  protective  circuit  breaker  is  attached  to  the  switchboard. 
The  function  of  this  device  is  to  open  the  circuit  between  the 
source  of  current  supply  (generator  and  storage  battery)  and  the 
current  consuming  units  (lamps,  horn  and  ignition  apparatus) 
if  one  of  the  wires  leading  to  a  earrent  consuming  unit  happens 
to  become  grounded.  Under  such  a  condition  an  excessive  flow 
of  current  is  possible  on  account  of  the  lessened  resistance  of  the 
circuit.  Such  a  flow  goes  through  the  winding  of  the  circuit 
breaking  relay  or  protected  circuit  breaker,  which  produces  a 
magnetic  pull  that  opens  the  contact  and  cuts  off  the  current 
supply.  As  soon  as  the  contact  is  opened  the  magnetic  pull 
ceases  and  the  contact  is  closed  again,  re-establishing  the  magnetic 
pull  and  again  opening  the  contact.  The  circuit  breaker  will 
continue  to  vibrate  until  the  ground  or  short  circuit  is  located 
and  corrected  whenever  any  one  of  the  switches  controlling  the 
current  consuming  units  is  pushed  in  to  establish  a  circuit.  The 
function  of  this  protective  circuit  breaker  is  the  same  as  a  fuse 
block  and  fuse  except  that  it  is  not  necessary  to  keep  replacing 
fuses. 
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Method  of  Current  Output  Regulation. — The  voltage  regulator 
which  has  been  previously  described  and  which  was  used  on  the 
1914  Delco  Systems  has  been  replaced  by  a  system  of  ''third  brush 
excitation  *'  in  the  1916  systems.  This  has  been  very  concisely  de- 
scribed by  the  Delco  engineers,  and  in  order  to  make  for  accurate 
presentation  of  fact,  the  following  descriptive  matter  is  given  in 
the  same  way  as  it  appears  in  the  Delco  instruction  books. 

There  is  really  only  one  point  in  regard  to  the  generating  of 
electrical  energy  which  is  difficult  to  understand,  and  the  best  of 
scientists  are  at  as  much  of  a  loss  on  this  point  as  the  average  elec- 
trician. This  one  point  can  be  expressed  in  the  one  sentence  which 
is  as  follows:  ''Whenever  the  strength  of  the  magnetic  field  or  the 
amount  of  magnetism  within  a  coil  is  changed  an  electro-motive 
force  is  induced  or  generated."  This  is  variously  expressed,  but 
can  be  resolved  into  the  same  sentence  as  originally  given.  One  of 
the  most. common  expressions  is,  "Whenever  an  electrical  conductor 
cuts  the  magnetic  field  or  cuts  magnetic  lines  of  force  an  electro- 
motive force  is  induced."  In  order  to  measure  this  electro-motive 
force,  it  is  necessary  to  make  connection  from  each  end  of  the  con- 
ductor to  a  suitable  meter,  by  doing  this  a  coil  would  be  formed. 
Therefore,  this  expression  means  nothing  different  from  the  original 
expression.  On  account  of  being  more  readily  understood,  this 
expression  will  be  referred  to  in  connection  with  the  explanation  of 
the  action  of  the  generator. 

The  amount  of  the  voltage  that  is  induced  (or  generated)  in  any 
conductor  or  coil  varies  directly  with  the  rate  of  the  cutting  of  the 
magnetic  lines ;  e,g,,  if  we  have  a  generator  in  which  the  magnetic 
field  remains  constant  and  the  generator  produces  7  volts  at  400 
R.  P.  M.,  the  voltage  at  800  R.  P.  M.  would  be  14  volts,  and  it  is  on 
account  of  the  variable  speed  of  generators  for  automobile  purposes 
that  they  must  be  equipped  with  some  means  of  regulation  for 
"holding  the  voltage  very  nearly  constant.  The  regulation  of  this 
generator  is  by  what  is  known  as  third  brush  excitation,  the  theory 
of  which  is  as  follows : 

The  motor  generator  consists  essentially  of  an  iron  frame  and  a 
field  coil  with  two  windings  for  magnetizing  this  frame.  The  arma- 
ture, which  is  the  revolving  element,  has  wound  in  slots  on  its  iron 
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core  a  motor  winding  and  a  generator  winding  connected  to  corre- 
sponding commutators.  Each  commutator  has  a  corresponding  set 
of  brushes  which  are  for  the  purpose  of  collecting  current  from, 
or  delivering  current  to  the  armature  windings  while  the  armature 
is  revolving. 

When  cranking,  current  from  the  storage  battery  flows  through 
the  motor  winding  magnetizing  the  armature  core.  This  acting 
upon  the  magnetism  of  the  frame  causes  the  turning  effort.  When 
generating  the  voltage  is  induced  in  the  generator  winding  and 
when  the  circuit  is  completed  to  the  storage  battery  this  causes  the 
charging  current  to  flow  into  the  battery.  The  brushes  are  located 
on  the  commutator  in  such  a  position  that  they  collect  the  current 
while  it  is  being  generated  in  one  direction.  (The  current  flows  one 
direction  in  a  given  coil  while  it  is  passing  under  one  pole  piece 
and  in  the  other  direction  when  passing  under  the  opposite  pole 
piece.)  When  the  ignition  button  on  the  combination  switch  is  flrst 
pulled  out  the  current  flows  from  the  storage  battery  through  the 
generator  armature  winding,  also  through  the  shunt  fleld  winding. 
This  causes  the  motoring  of  the  generator.  After  the  engine  is 
started  and  is  running  on  its  own  power  this  current  still  has  a 
tendency  to  flow  in  this  direction,  but  is  opposed  by  the  voltage 
generated.  At  very  low  speeds  a  slight  discharge  is  obtained. 
At  approximately  7  miles  per  hour  the  generated  voltage  exceeds 
that  of  the  battery  and  charging  commences.  As  the  speed  increases 
above  this  point  the  charging  rate  increases  as  shown  by  the  curve 
(Fig.  174).  The  regulation  of  this  generator  is  affected  by  what 
is  known  as  third  brush  excitation. 

Since  the  magnetic  field  of  the  generator  is  produced  by  the 
current  in  the  shunt  field  winding  it  is  evident  that  should  the 
shunt  field  current  decrease  as  the  speed  of  the  engine  increases 
the  regulation  would  be  affected.  In  order  to  fully  understand  this 
explanation  it  must  be  borne  in  mind  that  a  current  of  electricity 
always  has  a  magnetic  effect  whether  this  is  desirable  or  not.  Re- 
ferring to  Fig.  177,  the  theory  of  this  regulation  is  as  follows: 
The  full  voltage  of  the  generator  is  obtained  from  the  large  brushes 
marked  *'C"  and  ''D.''  When  the  magnetic  field  from  the  pole 
pieces  N  and  S  is  not  disturbed  by  any  other  infiuence  each  coil  is 
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Fig.    177. — Diagram    Showing    Delco    Third 
Brush  Excitation  Begulating  Principles. 


generating  uniformly  as  it  passes  under  the  pole  pieces.  The  volt- 
age from  one  commutator  bar  to  the  next  one  is  practically  uni- 
form around  the  com- 
mutator. Therefore, 
the  voltage  from  brush 
C  to  brush  B  is  about 
5  volts  when  the  total 
voltage  from  brush  C 
to  brush  D  is  6  J4  volts 
and  5  volts  is  applied 
to  the  shunt  field  wind- 
ing. This  5  volts  is 
sufficient  to  cause  ap- 
proximately 1J4  am- 
peres to  flow  in  the 
shunt  field  winding. 

As  the  speed  of  the 
generator  is  increased 
the  voltage  increases, 
causing  the  current  to  be  charged  to  the  storage  battery.  This 
charging  current  flows  through  the  armature  winding,  producing 
a  magnetic  effect  in  the  direction  of  the  arrow  B.  This  magnetic 
effect  acts  upon  the  main  magnetic  field  which  is  in  the  direction 
of  the  arrow  A,  with  the  result  that  the  magnetic  field  is  twisted 
out  of  its  original  position  in  very  much  the  same  manner  as  two 
streams  of  water  coming  together  are  each  deflected  from  their 
original  directions.  This  deflection  causes  the  magnetic  field  to  be 
strong  at  the  pole  tips,  marked  G  and  F,  and  weak  at  the  opposite 
pole  tips  with  the  result  that  the  coils  generate  a  very  low  voltage 
while  passing  from  the  brush  C  to  the  brush  E  (the  coils  at  this 
time  are  under  the  pole  tips  having  a  weak  field)  and  generates  a 
greater  part  of  their  voltage  while  passing  from  the  brush  B  to  D. 
The  amount  of  this  variation  depends  upon  the  speed  that  the 
generator  is  driven;  with  the  result  that  the  shunt  field  current 
decreases  as  the  speed  increases  as  shown  in  the  curve. 

By  this  form  of  regulation  it  is  possible  to  get  a  high  charging 
rate  between  the  speeds  of  12  and  25  miles  per  hour,  and  it  is  with 
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drivers  whose  average  driving  speed  comes  between  these  limits 
that  more  trouble  is  experienced  in  keeping  the  battery  chained. 
At  the  higher  speeds  the  charging  current  is  decreased.  The  driver 
who  drives  his  car  at  the  higher  speeds  requires  less  current,  as  expe- 
rience has  taught  that  this  type  of  driver  makes  fewer  stops  in 
proportion  to  the  amount  the  car  is  driven  than  the  slower  driver. 
The  output  of  these  generators  can  be  increased  or  decreased  by 


rig.  178. — ^The  Delco  Magnetic  Latch. 


changing  the  position  of  the  regulating  brush.  Each  time  the  posi- 
tion  of  the  brush  is  changed  it  is  necessary  to  sandpaper  the  brush 
so  that  it  fits  the  commutator.  Otherwise  the  charging  rate  will  be 
very  low  due  to  the  poor  contact  of  the  brush.  This  should  not  be 
attempted  by  any  one  except  competent  mechanics,  and  this  charg- 
ing current  should  be  carefully  checked  and  in  no  case  should  the 
maximum  current  on  this  generator  exceed  22  amperes.  Also 
careful  watch  should  be  kept  on  any  machine  on  which  the  charging 
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rate  has  been  increased  to  see  that  the  commutator  is  not  being 
overloaded.  Considerable  variation  in  the  output  of  different  gen- 
erators win  be  obtained  from  flie  curve  shown,  as  the  output  of  the 
generator  is  affected  by  temperature  and  battery  conditions. 

Numerous  diagrams  are  presented  to  show  the  wiring  scheme 
followed  on  representative  Delco  Systems  also  photographs  show- 
ing practical  application  of  the  unit  to  the  power  plant. 


« 

1 


rig.  179.— Non-Teclinlcal  Wiring  Diagram  Sbowliig  Parts  of  the  1916 
Delco-Hudaon  Ignition  Starting  and  Llglitlns  SyGtems. 

Dyneto-Entz  One  Unit  Electric  System. — The  advantages  of 
the  one  unit  system  are  said  to  be  simplicity,  light-weight,  low 
cost  and  ease  of  installation,  high  cranking  speed,  higher  operative 
efficiency,  quiet  starting  and  non-stalling  in  traffic.  It  is  said 
by  those  who  favor  this  system  that  it  is  good  engineering  to  sim- 
plify any  instrument  or  apparatus  when  it  can  be  done  without 
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1916  Delco-Cadillac  System 


Ptg.  1S2. ^Tlew  of  Cadillac  Eight  Cyllndei  Fover  Flaut  Sbowlng  Locv 

tlon  of  Delco  Motoi-Ctoneiator. 


Tig.  183. — WlTlDK  DlagTsm  Showing  Parts  of  the  Delco  Oadlllac  Eight 
Cylinder  Type  Starting,  Ughtlng  and  Ignition  System. 
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sacrificing  efficiency  or  durability.  The  simplest  designs  are 
cheaper  to  manufacture  and  are  not  so  apt  to  give  trouble  to  the 
user.  The  single  unit  system  is  lauch  simpler  than  the  two-unit 
system  and  it  is  much  easier  to  install  because  there  is  but  .one 
machine  to  set  up,  drive  and  wire  up.  The  simplicity  of  the  one- 
unit  system  means  that  there  is  but  one  set  of  bearings  to  oil,  but 
one  pair  of  brushes  (if  the  device  is  the  single  commutator  type), 
one  simple  and  direct  connection  by  silent  chain  and  simple  wiring. 
'  The  application  of  the  olie  unit  system  to  the  chassis  of  a  White 
car  is  shown  in  the  plan  view  of  the  chassis  at  Fig.  184.  The 
motor-generator  is  attached  to  a  substantial  bracket,  back  of  the 
gear  box  and  is  connected  to  the  engine  by  a  driving  shaft  carry- 
ing a  sprocket  at  its  forward  end  just  ahead  of  the  shaft  support- 
ing bearing,  this  being  in  connection  with  a  large  sprocket  at- 
tached to  the  engine  flywheel,  as  shown  at  Fig.  185  by  a  silent 
chain.  The  storage  battery  is  carried  on  the  other  side  of  the 
chassis  frame  just  forward  of  the  rear  axle.  To  start  this  form 
of  a  one-unit  system  a  switch  is  moved  from  the  **off'*  position 
to  the  '* start''  position  and  it  is  left  there  until  one  desires  to 
stop.  In  the  White  system  the  control  switch  is  mounted  on  the 
steering  column,  as  shown  at  Fig.  185.  The  Dyneto  single  unit 
system  has  no  relays,  automatic  switches,  overrunning  clutches, 
sliding  gears  or  current  regulating  devices.  The  usual  manner  of 
installation  is  to  drive  the  motor  generator  with  a  silent  chain  so 
that  the  device  turns  at  three  times  the  motor  speed.  As  the  ten- 
dency is  towards  small  bore,  high  speed  motors,  it  is  necessary  that 
these  be  cranked  over  fast  as  they  do  not  start  easily  at  speeds  of 
rotation  below  100  r.  p.  m.  The  Dyneto-Entz  starter  will  crank  a 
four  cylinder  2%  inch  bore  x  4%  inch  stroke  at  a  172  r.  p.  m.  on  a 
six  volt  system  drawing  40  amperes.  A  six  cylinder,  3%  iuch  bore 
X  5%  inch  stroke  is  cranked  over  at  140  r.  p.  m.  on  a  12  volt 
system  drawing  35  amperes  from  the  battery.  It  is  said  that  less 
energy  in  watt  hours  is  required  of  a  storage  battery  at  the  high 
cranking  speed  because  while  the  current  output  may  be  a  little 
more,  the  time  that  the  current  is  required  to  flow  is  much  less 
in  securing  a  positive  start  than  it  would  be  at  the  lower  cranking 
speed. 
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ng.  181. — TlKa  Vler  of  Wblte  Tonrliig  Car  ChasBls  Showing  Iiocatlon  of 
Farts  of  Dyneto  One  Unit  Starting  and  Lighting  System. 
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One  of  the  distinctive  features  of  the  DyBeto  System  is  that  it 
is  noD-stalling.  This  makes  driving  in  trafiBe  perfectly  easy  with- 
out changing  gears  every  time  the  ear  is  slowed  down.  This  is 
because  when  the  engine  tends  to  run  slower  than  a  certain  num- 
ber of  revolutions  the  device  ceases  to  be  a  generator  and  becomes 
a  motor,  automatically  drawing  current  from  the  storage  battery 
instead  of  putting  current  into  it.     It  is  contended  by  those  who 


Fig.  las.— View  at  Left  Shows  Simple  Control  Switch  of  Dyneto-WUte 
Starting  and  Llglitlng  System.  Bear  View  of  Uotor  at  Blglit  Shows 
Large  Starting  Sprocket  Used  on  White  Engine  Flywheel. 

do  not  favor  the  one  unit  system  that  the  non-stalling  feature 
makes  a  serious  drain  on  the  battery.  It  is  said  that  no  current 
is  drawn  from  the  battery  at  speeiis  above  8  m,  p.  h.  and  that 
very  little  is  taken  at  any  lower  speed  at  wliich  tlie'  car  can  be 
driven.  "When  any  current  is  drawn  from  the  battery  back  through 
the  motor-generator,  the  series  field  is  strengthened  and  as  this 
oauses  an  increase  of  voltage  it  prevents  to  a  large  extent  a  back 
flow  of  current.  The  device  changes  from  a  motor  to  a  generator 
at  5  miles  per  hour,  and  at  a  speed  of  2'/^  m,  p.  h.  a  point  that 
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Fig.  186. — Motor  Cbuacteilstlc  Curves  of  12-Volt  Dyneto  Machine. 

would  never  be  reached  exeegt  momentarily  in  traffic,  a  current  of 
10  amperes  is  drawn  from  the  battery. 

This  back  flow  when  it  does  occur  is  turned  to  advantage  by 
preventing  the  gasoline  engine  stalling.  It  is  necessary  to  take 
very  fully  into  account  the  characteristics  of  the  various  motors 
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to  which  the  machine  is  to  be  fitted  and  proportion  the  windings 
accordingly.  It  may  be  desirable  on  a  car  having  a  certain  gear 
ratio  to  have  the  back  flow  occur  at  a  somewhat  higher  speed  than 
on  another  car.  These 
factors  are  taken  into 
consideration  in  de- 
signing the  various 
systems.  A  number  of 
curves  are  given  at 
Fig.  186  showing  the 
motor  characteristics 
of  a  12  volt  Dyneto 
size  E.  It  will  be  ob- 
served by  consulting 
the  upper  diagram  that 
in  this  case  the  device 
changes  from  a  motor 
to  a  generator  at  a 
speed  of  Tyi  m.  p.  h. 
If  the  speed  is  in- 
creased above  this  fig- 
ure the  machine  be- 
comes a  generator  and 
charges  the  storage 
battery.  If  the  speed 
decreases  the  device 
becomes  a  motor  and 
draws  current  from 
the  storage  battery, 
ng.  1B7.— The  Dyneto  One  Unit  Motor-Cl«ii-  I*  will  be  observed 
flTa.tor  at  A  aai  IiRtest  Method  of  InstaUlng  that  the  Maximum 
It  on  Franilin  Engines  Shown  at  B.  current  output  of  12j^ 

amperes  is  produced  when  the  engine  is  turning  over  at  a 
speed  equivalent  to  17j4  m.  p.  h.  From  this  point  the  current 
output  falls  so  that  at  i7yi  m.  p.  h.  but  six  amperes  are  being 
generated.  At  600  r.  p.  m.  the  machine  delivers  .6  h.  p.  and  is 
working  at  60  per  cent,  efficiency.    Similarly,  if  used  as  a  generator 
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it  is  consuming  .6  h.  p.  at  600  r.  p.  m.  At  this  speed  it  is  capa- 
ble of  exerting  the  torque  of  30  lbs.  feet,  which  means  a  pull  of 
30  pounds  at  a  distance  of  one  foot  from  crankshaft  center.  Those 
technically  informed  will  have  no  trouble  in  following  the  motor 
characteristic  curves  presented.  The  reader  who  is  more  interested 
in  the  practical  application  of  the  system  than  in  the  technical 
aspects  will  not  be  interested  in  curves  of  this  nature. 

Chalmers-Entz  System. — This  is  used  on  the  Chalmers  Model 
26  and  is  shown  at  Fig.  188.  It  comprises  a  motor-generator,  bat- 
tery, switch  and  regulating  device.  The  feature  of  the  installation 
is  that  it  prevents  the  gasoline  engine  from  stalling,  even  when  the 
car  is  in  gear.  For  all  normal  driving  the  dash  switch  is  left  in  the 
position  at  the  extreme  right,  or,  in  other  words,  the  starting  sys- 
tem is  constantly  connected  with  the  motor.  For  constant  driving 
at  speeds  in  excess  of  30  miles  an  hour  the  dash  switch  should  be 
moved  to  the  middle  position  in  the  slot.  In  this  position  the  igni- 
tion of  the  motor  is  still  operative,  but  the  generative  portion  of 
the  starting  system  is  cut  out  so  that  the  battery  no  longer  is  being 
charged.  When  there  is  a  tendency  for  the  engine  to  stop  the  elec- 
tric motor  automatically  picks  up  and  turns  the  engine  over  until 
proper  firing  occurs. 

When  the  dash  switch  is  thrown  to  the  **on''  position,  current 
flows  from  the  battery  to  the  motor-generator,  which  as  a  motor  re- 
volves at  about  100  r.  p.  m.  As  soon  as  the  engine  attains  a  speed 
of  approximately  600  r.  p.  m.,  6  to  8  jniles  per  hour,  car  speed, 
the  direction  of  the  current,  due  to  the  way  the  switch  is  connected 
to  fields  and  armature  is  reversed  and  the  electrical  machine  then 
becomes  a  generator,  which  in  turn  charges  the  storage  battery. 
In  the  illustration,  showing  the  wiring  of  the  Entz  system,  the  volt- 
ages of  the  lamps  are  shown.  In  the  case  of  the  head  lights,  the 
small  bulbs  incorporated  are  also  shown. 

The  Auto-Lite  System. — The  1915  Overland  cars  use  the  Auto- 
Lite  system,  which  is  shown  at  Fig.  189,  A.  This  is  a  six  volt,  three 
unit  system,  operating  on  the  one  wire  principle.  The  ignition 
function  is  performed  by  an  entirely  distinct  appliance  from  the 
starting  and  lighting  systems,  namely,  a  high  tension  magneto. 
Five  wires  run  from  this  magneto,  four  of  these  running  the  spark 
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Fig.  189.— Diagram  at  A  Shows  Arrangement  of  Parts  of  1915  Oveiland- 
Auttt-Lite  System  and  How  They  are  Wired  Together.  B— Part  Sec- 
tional View  of  Storage  Battery.  C — Automatic  Circuit  Breaker. 
D — Current  Qenerator.    E — Starting  Motor. 
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plugs,  one  for  interrupting  the  ignition  through  a  fuse  box  to  the 
controlling  switch.  The  gwierator  is  driven  from  the  motor  crank- 
shaft by  a  silent  chain.  The  starting  motor,  which  has  the  switch 
mounted  integrally,  turns  the  engine  crankshaft  through  a  gear  cut 
on  the  flywheel  rim.  One  of  the  wires  of  the  generator  is  grounded, 
the  remaining  wire  leading  from  that  device  runs  through  the  cir- 
cuit breaker  and  from  that  member  through  the  fuse  box  and 
switch  to  the  storage  battery.     Two  wires  run  from  the  six  volt 


Tig.  190. — Wirins  Diagram  of  1916  Overland-Auto-Llt*  SyaUm. 

battery,  one  of  these  terminating  on  a  switch  terminal  of  the  start- 
ing motor  while  the  other  attaches  to  one  of  the  motor  terminals. 
The  remaining  motor  terminal  is  grounded.  The  various  appli- 
ances comprising  this  system  are  all  clearly  shown,  and  the  wiring 
may  be  easily  traced  from  the  various  units  through  the  fuse  box 
and  switch  by  careful  study  of  the  diagram.  In  order  to  simplify 
wiring,  the  wires  going  to  the  switch  are  all  colored  differently. 
This  insures  that  they  will  be  replaced  on  the  proper  terminals  if 
removed. 
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The  storage  battery  used  with  this  system  is  shown  at  Pig.  189, 
B.  It  is  a  special  form,  in  which  the  three  cells  are  placed  end  to 
end  instead  of  wde  hy  side,  making  a  long,  narrow  battery  instead 
of  the  usual  construction,  which  is  approximately  square.  The  con- 
struction of  the  circuit  breaker  is  shown  at  C,  the  contact  points, 
which  are  the  only  parts  needing  attention,  being  clearly  outlined. 
The  generator,  which  is  a  very  simple  device,  is  shown  at  B,  the 
points  requiring  lubrication,  and  the  removable  plates  for  inspec- 
tion of  the  brushes  are  clearly  depicted.     The  starting  motor  is 


Fig.  ISl.— starting  Motor  Used  la  1916  Auto-Llte-Orerland  System  wlOl 
Antomatlc  Finton  Slilft  ai;  A.  Aatomatic  Mrteut  Shown  at  B.  MetbOd 
of  DiiTlug  Oeneiator  with  Silent  Chain  Ontllned  at  C. 
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shown  at  E,  the  pinion  which  engages  the  gear  on  the  flywh^l  is 
shown  mounted  on  the  armature  shaft,  and  the  cover,  which  nor- 
mally covers  the  brush  end  of  the  motor,  is  removed  in  order  to 
show  the  method  of  reaching  the  motor  brushes  when  these  members 
need  attention. 
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Fig.  193. — ^Wiring  Diagram  of  Auto-Lite-Clievrolet  Starting,  Lighting  and 

Ignition  System. 


The  diagram  Fig.  190  shows  the  1916  Overland  Auto-Lite  sys- 
tem. This  differs  from  the  1915  system  principally  in  the  use 
of  an  automatic  pinion  shift,  and  the  units  are  changed  slightly 
in  detail  as  outlined  at  Fig.  191,  in  consequence.  The  applica- 
tion of  the  system  to  the  four-cylinder  power  plant  is  shown  at 
Fig.  192,  while  the  method  of  installing  the  units  on  the  six- 
cylinder  Overland  engine  is  depicted  at  Fig.  193. 

Gray  &  Davis  System. — The  starting  and  lighting  equipment 
used  on  the  Model  79,  1914  Overland,  is  the  Gray  &  Davis  system, 
shown  at  Fig.  195,  and  comprises  three  principal  units: 
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a — The  generator  which  produces  the  current  and  delivers  it  to 
the  lamps  and  storage  battery. 

b — The  storage  battery  which  accumulates  the  current  thus  gen- 
erated and  delivers  it  to  the  lighting  system  or  the  starting  motor, 
as  occasion  demands. 

c — The  starting  motor,  which  receives  current  from  the  storage 
battery  and  revolves  the  engine  whenever  it  is  to  be  set  in  motion. 

Besides  these  three  principal  units  the  system  includes  the  fol- 
lowing auxiliary  apparatus : 

d — An  automatic  cutout,  whose  function  is  to  disconnect  the 
generator  from  the  storage  battery  when  the  engine  is  stopped  or 
running  below  the  speed  at  which  the  generator's  voltage  is  high 
enough  to  charge  the  battery.  The  cutout  is  located  on  the  engine 
side  of  the  dash. 

e — The  starting  switch,  which  is  a  pedal-button  located  in  the 
floor  board  of  the  car  convenient  to  the  foot  of  the  operator. 

f — The  ammeter,  whose  purpose  is  to  show  whether  the  system 
is  working  properly  or  not.  When  the  dynamo  is  running  and 
sending  current  to  tjhe  storage  battery  the  ammeter  hand  will  point 
to  the  right  of  zero  or  at  ** charge."  When  the  lights  are  burning 
or  the  starter  motor  is  running,  this  hand  will  point  to  the  left  of 
zero  or  at  ** discharge,"  thus  indicating  the  rate  at  which  current 
is  going  out  of  the  storage  battery. 

The  speed  of  the  generator  is  controlled  by  an  automatic  clutch 
that  is  so  designed  that,  no  matter  how  fast  the  engine  runs,  the 
generator  will  not  be  driven  faster  than  a  certain  predetermined 
speed  which  corresponds  to  that  at  which  the  engine  runs  when 
driving  the  car  at  12  miles  per  hour  on  high  gear,  but,  of  course,  if 
the  engine  drops  below  this  speed  the  generator  will  also.  This  is 
done  by  means  of  a  centrifugal  governor  which  regulates  the  slip- 
page of  the  clutch  so  that  the  generator  cannot  be  driven  faster 
than  the  predetermined  speed,  the  greater  the  speed  of  the  engine 
the  more  the  clutch  slips. 

The  current  load  is  automatically  taken  care  of  by  a  compound 
winding  on  the  generator.  The  starting  motor  is  a  series  wound 
machine,  that  is,  the  entire  armature  current  passes  through  the 
field.    The  motor  is  provided  with  an  over-running  clutch,  which 
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allows  it  to  drive  the  engine  but  automatically  disengages  when 
the  engine  starts  so  that  the  engine  will  not  drive  the  motor.  If 
such  a  device  were  not  fitted  the  generator  might  be  injured  by  the 
motor  driving  it  at  too  high  a  speed. 

As  already  explained,  the  function  of  the  automatic  cutout  is 
to  disconnect  the  generator  from  the  battery  when  the  engine  is 
stopped  or  turning  so  slowly  that  its  voltage  is  below  that  of  the 
battery.  If  this  cutout  were  not  provided  the  storage  battery  would 
discharge  back  into  the  generator. 

The  cutout  consists  of  an  electro-magnet  with  two  windings. 
One  is  a  shunt  winding  of  many  turns  of  fine  wire  and  the  other 
a  series  winding  of  a  few  turns  of  heavy  wire,  both  windings  being 
over  a  soft  iron  core.  The  shunt  winding  is  permanently  connected 
across  the  positive  and  negative  terminals  of  the  generator,  so  that 
when  the  generator  comes  up.  to  charging  speed,  this  winding  ener- 
gizes the  magnet  core  and  the  magnet  core  attracts  a  steel  arm  that 
closes  the  circuit  between  the  generator  and  the  battery. 

So  long  as  the  cutout  points  are  closed  the  current  must  pass 
through  the  series  winding  of  the  cutout.  This  current  adds  its 
magnetizing  influence  to  that  of  the  shunt  winding  and  holds  the 
points  together.  The  cutout  is  designed  so  that  it  closes  at  a  car- 
speed  of  12  miles  per  hour  and  opens  at  10. 

If,  now,  the  speed  of  the  generator  drops  below  charging  speed, 
the  current  begins  to  flow  through  the  cutout  series  winding  in  the 
reverse  direction.  This  weakens  the  pull  and  allows  the  points  to 
fly  apart,  through  the  agency  of  a  spring. 

Now  that  a  general  idea  of  the  different  parts  of  the  Gray  & 
Davis  system  has  been  obtained,  the  path  of  the  current  in  the  dif- 
ferent wires  will  be  explained.  The  illustration  shows  this  sys- 
tem with  a  very  complete  equipment.  Besides  the  usual  head,  side 
and  tail  lights,  there  are  pillar  lights,  dome  lights,  a  speedometer 
light  and  an  electric  horn  connection.  It  will  be  noticed  that  the 
return  circuits  are  through  the  frame,  with  the  exception  of  the 
connections  between  the  storage  battery  and  the  starting  motor. 

First  we  will  trace  out  the  flow  of  current  when  the  starting 
switch  is  closed,  this  circuit  being  shown  by  the  heavy  black  lines. 
Current  flows  from  the  plus  terminal  of  the  storage  battery  out 
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Fig.  197. — ^Technical  Wiring  Diagram  Showing  Circuits  in  Gray  &  Davis 
Two  Unit  Starting  and  One  Wire  Lighting  System. 
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through  wire  A  to  the  motor,  where  it  passes  through  the  series 
field  and  the  armature  and  from  thence  through  the  wire  T  to  the 
starting  switch  and  from  there  through  the  wire  C  to  the  negative 
pole  of  the  battery. 

Below  9  or  10  miles  an  hour  or  when  the  motor  is  at  rest  the 
cutout  is  open  and  therefore  current  for  the  lights  must  be  fur- 
nished by  the  battery,  and  its  path  is  as  follows :  It  runs  out  through 
wire  A  to  one  terminal  of  the  starting  motor,  where  it  goes  to  the 
frame  through  the  ground  wire  Z.  From  thence  it  runs  to  the 
lamps.  Prom  the  lamps  the  current  passes  to  the  junction  switch, 
where  all  the  lamp  terminals  are  connected  to  the  terminal  P,  and 
from  here  the  current  flows  through  the  series  field  of  the  genera- 
tor and  on  out  through  wire  F  to  a  terminal  on  the  cutout,  and 
from  thence  to  the  ammeter  over  the  short  wire  E.  From  the  am- 
meter it  goes  via  wire  D  to  a  binding  post  on  the  starting  switch, 
from  which  it  connects  with  the  other  pole  of  the  battery  by  wire 
C.  At  or  over  12  miles  per  hour  the  cutout  contact  points  are  closed 
as  previously  described.  Current  is  then  supplied  to  the  storage 
battery  if  it  needs  charging  and  also  to  any  of  thp  lamps  that  are  in 
circuit. 

If  the  battery  needs  recharging  it  is  of  course  below  the  voltage 
of  the  generator  and  therefore  current  will  flow  to  it  until  its  volt- 
age becomes  equal  to  that  of  the  generator,  when  the  flow  will  auto- 
matically stop  because  the  electrical  pressure  at  the  two  points  is 
the  same.  The  current  passes  from  the  positive  terminal  of  the 
generator  through  wire  G-  to  the  series  coil  of  the  cutout  and  from 
thence  through  wire  Y  to  the  frame.  It  flows  through  the  frame 
up  through  wire  Z  to  one  terminal  on  the  motor  and  from  thence 
through  wire  A  to  the  plus  pole  of  the  battery.  The  return  circuit 
is  through  wires  C  and  D  to  the  ammeter  and  from  thence  through 
wires  E  and  F  back  to  the  generator.  The  flow  of  current  from  the 
generator  to  the  lamps  is  as  follows :  Through  wire  G  and  the  series 
coil  of  the  cutout  and  wire  Y  to  the  frame.  This  part  of  the  cir- 
cuit is  identical  with  that  for  charging  the  storage  battery.  Then 
the  current  goes  through  the  frame  and  up  through  the  ground 
wires  to  the  lamps,  from  whence  it  passes  to  the  terminals  on  the 
junction  switch  and  on  through  wire  P  to  the  generator.    It  will 
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be  noted  that  the  generator  and  battery  circuits  to  the  lamps  are 
independent,  so  that  should  anything  happen  to  the  battery,  the 
lights  could  be  operated  by  the  generator  alone. 

Diagrams  of  Gray  &  Davis  1915  systems  will  be  found  on 
diagrams,  Figs.  196  to  199  inclusive,  in  both  non-technical  and 
technical  form.  A  number  of  parte  comprising  the  1915  Gray  & 
Davis  starting  system  is  shown  at  Figs  200  and  201.  The  construc- 
tion of  the  type  Y  motor  used  in  connection  with  engines  of  the 
open  flywheel  type  is  clearly  shown  in  the  part  sectional  view  at  the 
top  of  the  illustration.  As  the  Gray  &  Davis  systems  may  be  had  in 
either  the  one  wire  or  two  wire  type,  two  forms  of  switch  are  pro- 
vided. One  of  these,  which  is  shown  at  B,  Fig.  200,  is  used  in  a  two 
wire  system  and  has  both  terminals  insulated.  This  must  be  wired 
up  as  shown  at  E.  The  heavy  leads  from  the  storage  battery  are 
connected  as  indicated.  One  of  the  storage  battery  terminals  is  con- 
nected to  the  terminal  on  the  starting  motor,  while  the  other  start- 
ing motor  terminal  wire  goes  to  one  of  the  insulated  switch  termi- 
nals. The  other  insulated  switch  terminal  is  connected  directly  to 
the  remaining  storage  battery  terminal,  ^"hen  used  in  connection 
with  the  one  wire  system  the  starting  switch  has  one  terminal 
grounded,  as  shown  at  C. 

The  approved  arrangement  of  the  starting  switch  is  as  depicted 
at  the  top  of  the  illustration,  in  which  the  contact  is  not  estab- 
lished until  the  sliding  pinion  has  been  meshed  with  the  gear  of 
the  flywheel.  The  construction  of  the  overrunning  clutch  used  with 
the  Gray  &  Davis  system  is  shown  at  D.  This  functions  the  same 
as  the  overrunning  clutch  previously  described,  the  drive  being  se- 
cured between  the  member  4,  which  is  keyed  to  the  intermediate 
shaft,  and  the  reduction  gear  2,  which  is  turned  by  the  motor  pin- 
ion 1  through  the  medium  of  the  clutch  rolls  3.  Light  coil  springs 
are  employed  to  push  plungers,  designed  to  make  more  positive  the 
engagement  of  the  rolls  of  the  overrunning  clutch. 

The  fuse  block,  which  is  an  important  adjunct  of  the  one  wire 
system,  is  combined  at  the  rear  of  the  lighting  switch,  as  shown  at 
A,  Fig.  201.  The  function  of  the  fuse  is  to  bum  out  should  an 
overload  occur  in  any  circuit  due  to  damaged  insulation.  The 
fuses  are  readily  renewable,  these  being  shown  at  D.    The  fuse  con- 
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sists  of  a  glass  tube,  which  contains  a  piece  of  fusible  alloy  wire 
that  joins  two  metal  caps,  these  caps  being  used  to  establish  con- 
tact with  the  clips  on  the  sides  of  the  connectors  at  the  back  of  the 
switch.  The  fuses  should  be  handled  carefully,  and  in  removing 
same  for  examination  it  is  well  to  do  this  with  a  sharp  piece  of 
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Fig.  202. — The  Gray  &  Davis  Automatic  Cutout  and  Ounent  Begulating 
Belay  on  1915  Syatema. 

wood,  which  is  used  as  a  pry  back  of  the  fuse  instead  of  attempting 
to  remove  them  with  pliers  or  a  screwdriver,  which  may  break  the 
glass  or  otherwise  damage  the  fuse.  An  important  adjunct  to  assist 
in  locating  trouble  is  a  six  volt  lamp,  such  as  shown  at  C.  This  is 
of  material  assistance  in  tracing  circuits. 

The  latest  form  of  Gray  &  Davis  dynamo,  which  dispenses  with 
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the  centrifugal  governor  used  on  the  other  types  illustrated,  is 
shown  at  D,  supplied  for  direct  drive  by  an  extension  of  the  timing 
gear  ehaft  and  fir  chain  drive  at  E.  The  dynamo  shown  at  D 
is  provided  with  gearing  to  drive  a  timer  distributor  for  ignition 
purposes.  The  current  supply  is  governed  by  the  regulator  cut-out 
(Fig.  202),  which  performs  two  duties  in  the  new  systems.    One  of 


Fig.  203. — ^Vlew  Stiowliig  Appllcatton  of  Special  Gtta.7  ft  Davis  One  Unit 
Fold  System. 

these  is  to  regulate  the  dynamo  to  secure  uniform  current  output, 
whUe  in  the  other  instance  it  connects  the  dynamo  into  the  system 
only  when  sufBcient  current  is  generated  to  charge  the  battery. 
Current  regulation  is  provided  by  short  circuiting  or  shunting  field 
resistances  or  to  insert  the  field  resistaJicea  into  the  field  circuit,  ■ 
The  object  of  the  field  resistance  is  to  retard  the  flow  of  current  in 
those  windings.  "When  the  dynamo  is  at  rest  the  cutout  points  are 
opened  and  the  regulator  points  closed.  As  the  dynamo  first  speeds 
up  the  regulator  points  remain  closed  and  the  field  resistance  is  short 
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circuited.  This  permits  tbe  dynamo  to  build  up  its  full  field  strength. 
When  the  proper  voltage  is  reached  the  cutout  points  close,  permit- 
ting current  to  flow  through  the  series  winding  to  the  system.  As 
the  dynamo  speed  increases  beyond  that  necessary  for  full  output, 
the  pull  of  the  shunt  winding  attracts  the  regulator  armature. 
This  reduces  the  pres- 
sure at  the  regulator 
points  and  inserts  a  re- 
sistance into  the  field 
circuit,  this  preventing  _ 
further  increase  of  out- 
p  u  t.  The  frequency 
with  which  the  resist- 
ance is  put  into  the  cir- 
cuit is  in  proportion 
with  the  amount  of 
speed  variation.  The 
form  of  battery  used 
with  the  Gray  &  Davis 
system  is  shown  in  part 
section  at  F,  Pig.  201. 
It  does  not  differ  ma- 
terially in  structure 
from  types  previously 
described. 

One  Unit  Ford  Sys- 
tems.— When  one  con- 
siders the  large  number 
of  Pord  cars  that  are  in 
daily  use,  and  that  these  are  not  provided  with  an  electric  starting 
system  by  the  maker,  it  will  be  apparent  that  a  fertile  field  is 
opened  up  among  Ford  users  for  the  sale  of  starting  motors. 
Practically  all  Ford  systems  are  of  the  one  unit  type,  because 
these  constructions  are  especially  well  adapted  for  use  at  points 
where  simplicity  ia  essential.  The  Gray  &  Davis  one  unit  system 
is  shown  installed  at  Pig.  203,  and  ready  for  installation  on 
the  motor  at  Fig.  204.     Tlie  armature  is  driven  from  the  engine 
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rig.  205,— Wiring  Diagram  Showing  Method  of  Connecting  Parts  of  Gray 
&  Davis  One  Unit  Ford  System. 
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crankshaft  by   two  chains  which   provide   a  double  reduction. 
The  machine  is  so  conBtructed  that  it  is  adapted  to  fit  a  special 
bracket  that  makes  it  possible  to  install  the  device  on  any  Ford 
motor  without  structural  changes.      The  wiring  diagram  shown 
at  Fig.  205   is  extremely  simple.     The  six  volt  storage  battery 
has  its  positive  terminal  grounded   while  the  negative  terminal 
is    connected    to    the 
motor  generator  by  a 
heavy  wire  which  must 
first  pass  through  the 
starting     switch.     The 
circuit  is  completed  by 
a    ground    connection 
through    the    support- 
ing bracket  when  the 
starting  switch  is  de- 
pressed.   There  are 
two   terminals   on   the 
cutout  relay  on  the  top 
of  the  motor  generator; 
one  of  these  is  marked 
L,  the  other  B.     Ter- 
minal  L   leads  to   the 
negative  of  the  storage 
battery,  being  attached  to  this  lead  on  tlie  battery  side  of  the 
starting  switch.     Terminal  B  leads  to  the  lighting  switch.     The 
remaining  wires  are  easily  followed,  these  leading  to  the  various 
lamps,  all  of  which  operate,  on  the  one  wire  system. 

The  Genemotor  which  is  shown  at  Pig.  206  is  made  by  the 
General  Electric  Company,  and  is  a  angle  unit  operating  on 
twelve  volts.  It  is  permanently  connected  to  the  engine  shaft 
by  a  single  Jlorse  silent  chain,  the  ratio  of  reduction  being  two 
to  one,  which  provides  sufBeient  torque  for  starting  the  motor 
while  at  the  same  time  the  maximum  armature  speed  is  limited 
to  a  safe  value.  The  device  becomes  a  generator  at  a  car  speed 
of  12  m.  p.  h.  on  the  direct  drive.  The  motor  generator  is  about 
11  inches  long,  7  inches  in  diameter,  and  weighs  52  pounds.     It 
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ng.  207. — ^Wiring  Diagram  of  Q«iiemotor-FOTd  Staitlng  and  Ligbting 
System. 

gives  a  starting  torque  of  86  foot  pounds  at  the  engine  crank- 
shaft, or  43  foot  pounds  at  the  armature  operating  with  the  42- 
ampere  hour  battery  supplied  with  the  system.  It  is  mounted 
on  a  pressed  steel  bracket  designed  for  attachment  at  the  left 
side  of  the  engine.  The  bracket  rests  on  the  cylinder  base  bolts 
and  is  held  rigidly  in  place  by  clamping  it  under  the  two  water 


Fig.  208. — ^Wiling  Dii^ram  Sbowlng  Parta  of  Dodge-Nortli  East  One  Unit 
Starting  and  Lighting  STstem. 
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connections,  and  adjustment  is  provided  to  keep  the  chain  the 
proper  tension  by  two  set  screws  in  the  bracket  cradle.  A  fiexible 
drive  is  provided  between  the  Genemotor  armature  and  chain  to 
absorb  all  shocks  on  the  chain.  The  starting  switch  and  cutout 
are  mounted  on  top  of  the  Genemotor,  making  an  integral  con- 


Fig.  20S. — Method  of  Driving  Dodge-North  Sast  Motor  Oenerator  'by 
Silent  Chain  Connection  with  Engine  Crcmkshaft. 

struction.  When  starting  the  machine  acts  as  a  compound  wound 
series  motor.  As  a  generator  the  shunt  field  predominates.  Cur- 
rent regulation  is  secured  by  means  of  a  third  brush  excitation 
principle.  The  wiring  diagram  is  very  simple  and  can  be  readily 
followed  by  referring  to  Fig.  207. 

The  Northeast  Lighting  and  Starting  System. — The  North- 
east System  comprises  a  motor  generator,  starting  switch,  lock 
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Fig.  210. — ^Wiring  Dlagrain  Showing  OlrcnItB  of  North  East  One  Unit 
21- Volt  StarUag  and  12- Volt  Ughtlng  System. 
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switch,  and  a  battery,  together  with  suitable  gearing  by  which  it 
may  be  coupled  to  the  engine,  and  in  common  with  other  one  unit 
systems  it  is  very  simple  in  operation.  Parts  comprising  the  North- 
eaat  System  used  on  the  Dodge  car  are  clearly  shown  in  the  dia- 
gram, Pig.  208,  which  also  shows  all  the  connecting  wires  that 
form  the  circuits  between  the  different  elements.    The  method  of 


driving  the  machine  is  clearly  shown  at  Pig,  209.  A  silent  chain 
joins  the  large  sprocket  on  the  engine  crankshaft,  with  the  smaller 
sprocket  carried  by  the  motor  generator  armature  shaft.  An  ec- 
centric adjustment  is  provided  which  permits  of  moving  the  gen- 
erator in  such  a  way  that  the  center  line  is  brought  closer  to  or 
farther  away  from  the  crankshaft  center  line,  as  conditions  de- 
mand.    This  makes  it  possible  to  keep  the  chain  always  at  the 
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proper  degree  of  tension  to  insure  positive  drive  without  whipping, 
such  as  results  when  a  chain  is  run  too  loosely.  A  wiring  dia- 
gram of  a  24-volt  starting  but  12-volt  lighting  system  is  given 
at  Fig.  210. 

The  Northeast  motor-generator  is  said  to  be  a  one  unit  machine 
in  every  sense  of  the  word,  as  it  is  only  one  field,  one  armature, 
and  one  set  of  brushes.     The  armature  has  only  one  winding  and 
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Fig.  214. — ^How  the  Nortli  East  Motor  Generator  May  Be  Installed  on 

Four  Cylinder  Engines. 


one  commutator,  and  is  the  only  moving  part  in  the  system.  The 
automatic  battery  cutout  is  embodied  in  the  motor-generator. 
This  reduces  wiring  complications  and  makes  the  motor-generator 
a  complete  machine,  contained  in  one  housing.  The  motor-gen- 
erator weighs  about  40  pounds,  and  is  approximately  6%"  in 
diameter  and  10%"  long.  It  is  capable  of  spinning  a  3%"  bore, 
four-cylinder  engine  over  200  r.  p.  m.  In  common  with  most 
single  unit  systems,  the  driving  ratio  between  the  motor-generator 
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and  the  engine  is  such  that  this  is  usually  driven  from  two  and  a 
half  to  three  times  the  engine  speed.  A  24-volt  35-ampere  hour 
battery  is  called  for  by  this  system.  The  motor-generator  is  con- 
nected by  only  two  wires  to  the  storage  battery,  and  it  is  said 
that  these  can  be  connected  without  regard  to  positive  or  negative 
polarity.  The  starting  switch  also  has  but  two  connections  to  the 
motor-generator  which  may  be  connected  without  regard  to  po- 
larity. The  system  is  so  designed  that  no  damage  will  result 
from  operating  the  starting  switch  while  the  engine  is  running. 
The  connections  required  are  extremely  simple  as  the  wiring  dia- 
gram indicates.  The  four  leads  running  from  the  motor-generator 
are  of  heavy  wire,  those  going  from  the  storage  battery  to  the 
machine  being  of  No.  4  cable  while  those  running  from  the  ma- 
chine to  the  starting  switch  are  of  No.  6  cable.  The  lamps  operate 
on  a  three  wire  system,  and  while  the  storage  battery  delivers  24 
volts  to  the  motor-generator  but  12  volts  is  put  into  any  one  of  the 
lighting  circuits.  Fourteen  volt  lamps  are  used  throughout  the 
system. 

The  Northeast  Universal  System  has  been  designed  to  make 
possible  the  installation  of  this  starting  unit  to  old  model  cars  in 
which  no  special  provisions  are  made  for  installing  such  a  system. 
The  sectional  view  at  Fig.  211  shows  the  method  of  carrying  the 
motor  generator  and  how  it  is  connected  to  the  engine  crankshaft 
by  a  countershaft  carried  beneath  the  unit.  It  is  designed  to  go 
at  the  front  of  an  automobile,  being  carried  by  special  brackets 
which  are  adapted  for  almost  any  standard  car.  The  method  of 
carrying  the  Northeast  Universal  System  is  clearly  shown  at  Fig. 
212.  The  countershaft  projecting  from  the  driving  sprocket  is 
attached  to  the  engine  crankshaft  in  any  suitable  manner.  A 
common  method  of  installation  is  to  have  the  end  of  the  counter- 
shaft fit  a  coupling  member  that  takes  the  place  of  the  usual  crank- 
ing dog.  The  way  this  is  done  in  case  of  the  Marmon  Model  32 
car  is  clearly  shown  in  the  sectional  diagram  at  the  lower  part 
of  Fig.  213.  The  upper  part  of  this  figure  demonstrates  the 
simple  installation  of  the  unit  at  the  front  of  the  car. 

The  motor-generator  is  completely  encased,  as  is  the  driving 
chain ;  there  is  no  opportunity  for  dirt  to  collect  around  the  parts 
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of  the  mechanism.  When  applied  in  this  manner  the  engine 
crankshaft  is  turned  over  in  exactly  the  same  way  as  it  would  be 
by  the  hand  crank,  which,  of  course,  is  replaced  by  the  counter- 
shaft assembly  driven  from  the  electric  machine.  The  front  end 
of  the  countershaft  is  provided  with  a  conventional  form  of  clutch 
to  make  it  possible  to  crank  the  engine  by  hand  in  exactly  tha 
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Fig.  ZlG.^Wiring  Diagram  of  Bljur-Scrlpps-Bootti  One  Unit  Starting  and 
Ugbttng  System. 


same  manner  as  is  ordinarily  done  after  the  starting  crank  is 
properly  engaged.  As  the  starting  crank  is  only  used  in  cases 
of  emergency  where  the  battery  has  become  depleted  or  where 
some  trouble  exists  in  the  electrical  machine,  it  is  made  detachable 
so  that  it  can  be  carried  in  the  tool  box.  The  Northeast  Universal 
System  functions  in  exactly  the  same  manner  as  the  built-in  system 
designed  for  specific  makes  of  cars. 

Bijur  Starting  and  Lighting  Systems. — Three  types  of  Bijur 
Starting  and  Lighting  Equipments  are  manufactured;  the  sim- 
plest is  the  single  unit,  in  which  one  machine  acts  either  as  a  motor 
or  generator,  as  conditions  demand.     The  motor-generator  equip- 
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ment  is  generally  chain  driven  from  the  crankshaft  at  a  ratio 
of  approximately  three  to  one.  This  type  of  machine  assumes 
the  function  of  a  generator  at  about  100  r.  p.  m.,  so  that  with 
ordinary  rear  axle  ratios  the  generator  function  takes  place  and 
the  battery  begins  to  chai^  at  low  car  speeds.  This  machine  is 
provided  with  a  shunt  and  series  winding  which  act  differentially 
when  operating  as  a  generator  and  cumulatively  when  operating 
as  a  motor.  The  voltage  of  the  generator  is  variable  as  the  regula- 
tion is  for  current.     At  low  speeds,  the  current  is  maintained  sub- 


Fig.  216. — wiling  Diagram  of  Bljur-Apperson  Two  TTnlt  Starting  and 
Idghting  Sjistem, 

stantially  constant,  but  diminishes  at  high  speed.  The  regulation 
is  effected  by  the  differential  action  of  the  shunt  and  series  field, 
and  also  by  reason  of  the  fact  that  the  shunt  field  is  connected 
between  one  of  the  main  brushes  and  an  auxiliary  or  regulating 
brush. 

As  shown  by  the  diagram  at  Fig.  215,  which  shows  the  elec- 
trical equipment  on  the  Scripps-Booth  car,  no  automatic  switch 
is  used.  Connection  between  the  motor  generator  and  the  battery 
is  made  with  a  hand  switch,  and  the  motor-generator  draws  cur- 
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rent  from  the  battery  until  the  gas  motor  begins  operating  under 
its  own  power  and  acquires  a  speed  sufl&eient  to  drive  the  electrical 
unit  at  a  speed  of  about  1,000  r.  p.  m.  As  this  corresponds  to  an 
engine  speed  of  about  330  r.  p.  m.,  the  carburetor  throttle  is  usu- 
ally adjusted  so  the  engine  cannot  be  throttled  down  to  a  speed 
below  the  cut-in  point  of  the  motor-generator.  This  \s  done  to 
eliminate  the  non-stalling  feature   and  to  prevent  the  battery 
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Fig.  217. — ^Diagram  Showing  Bijur  System  of  Voltage  Regulation. 


discharging  when  a  car  is  left  standing  idle.    The  Bijur  one  unit 
system  is  designed  to  operate  on  12  volts. 

There  are  two  two-unit  systems,  one  of  these  having  a  series 
starting  motor  and  constant  current  generator.  The  other  has 
a  constant  voltage  generator  and  series  motor.  Considering  the 
former  the  constant  current  generator  is  a  shunt  wound  machine, 
the  regulation  being  effected  by  the  shunt  field  being  connected 
between  one  of  the  main  brushes  and  an  auxiliary  or  regulating 
brush.  The  units  are  self-contained  and  require  no  separate 
mounting  or  connecting  of  the  automatic  switch,  which  is  mounted 
inside  the  aluminum  housing  on  the  commutator  end  of  the  ma- 
chine.   These  machines  are  reversible  and  the  connections  between 
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battery  and  generator  may  be  made  without  regard  to  polarity,  a 
very  valaable  feature.  Even  if  wrong  connections  are  made,  the 
generator  will  reverse  and  assume  the  correct  polarity  to  chai^  the 
battety.  Each  machine  is  provided  with  a  fuse  in  the  field  cur< 
cnit  to  prevent  injury  in  ease  the  circuit  and  the  battery  is 
opened.  Running  the  generator  under  these  conditions  would 
result  in  an  abnormal  rise  in  voltage  which  would  damage  the 
field  windings  except  for  the  protection  offered  by  the  fuse.  The 
application  of  the  con- 
stant current  machine 
is  shown  in  the  wiring 
diagram  of  the  Ap- 
pearson  system  at  Fig. 
216. 

The  constant  volt- 
age generators  are  also 
shunt  wound  and  reg- 
ulation is  effected  by 
varying  the  excitation 
in  this  winding.  The 
principal  circuits  for 
the  regulating  mechan- 
ism are  shown  in  wir- 
ing diagrams  at  Fig. 
217.  The  method  of 
operation  is  as  follows; 
Id  series  with  the  shunt 


rig.  218.— View  Shoving  Bijut  Vibrator  Typo 
Oeneiator  Output  BeguUtoi. 


winding  11  is  a  fixed  resistance  12,  and  regulation  is  obtaiaed 
by  short  circuiting  this  resistance  when  the  generator  voltage 
falls  below  normal  and  removing  the  short  circuit  when  the  gen- 
erator voltage  rises  above  normal.  The  regulator  for  performing 
this  operation  consists  of  an  iron  core  14  with  a  single  winding 
13,  this  winding  being  connected  across  the  generator  brushes. 
The  current  in  this  winding  and  the  resultant  pull  or  magnetic 
attraction  of  the  core  depends,  therefore,  upon  the  voltage  of 
the  generator.  The  vibrating  armature  15  is  pulled  away  from 
the  core  by  a  spring.     When  the  spring  pull  predominates,  the 
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Fig.  219. — ^Battery  Charging  Curve  of  Bijur  Generator  with  Voltage 
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armature  moVe^  away  from  the  core,  closes  contacts  17  and  18, 
and  provides  a  low  resistance  path  around  the  resistance  12. 
The  field  current  increases  and  the  generator  voltage  builds  up; 
when  it  exceeds  its  normal  value  the  magnetic  pull  of  the  core 
predominates  and   the   armature   is   attracted  to   the   core,   thus 
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again  inserting  the  resistance  in  the  field  circuit.  One  of  the 
main  features  of  this  regulator  (Fig.  218)  is  that  the  contacts 
which  shunt  the  resistance  in  series  with  the  field  winding  in  and 
out  of  circuit  are  continually  shifting,  and  do  not  regularly  make 
contact  at  the  same  point.  Each  contact  is  mounted  on  a  thin, 
straight  spring  which  is  fixed  at  the  end  opposite  the  contact. 


Fig.  220.— Parts  of  Bljnt  Statting  and  Lighting  System. 

The  reeds  carrying  top  and  bottom  contacts  are  mounted  at  a 
90  degree  angle  so  that  the  point  of  contact  continually  shifts 
because  of  vibration  and  resulting  oscillation  of  the  contact.  Con- 
tinuous vibration  is  obtained  because  one  of  the  contact  reeds  is 
mounted  on  a  regulator  armature  which  vibrates  at  a  high  rate 
of  speed.  The  shifting  of  the  contacts  prevents  the  formation  of 
minute  projections  on  the  negative  contact  and  corresponding  re- 
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cesses  in  the  positive  contact,  -with  the  result  that  the  contacts 
never  stick. 

"Wear  manifests  itself  by  the  positive  contact  becoming  thinner 
and  the  negative  growing  thicker.  Periodically,  a  disconnecting 
plug  is  turned  in  its  socket  which  reverses  the  polarity  of  the 


Fig.  221. — ^Vlow  Sliowlng  Oonstractlon  of  Bljoi  Automatic  Ourrent 
BognlatOT. 

contact  so  that  metal  which  has  been  deposited  from  one  contact 
to  the  other  is  returned.  The  regulator  vibrations  do  not  take 
place  at  irregular  or  haphazard  intervals,  but  in  the  order  of 
something  like  100  to  150  times  per  second.  The  resulting  voltage 
is  the  resultant  of  a  series  of  fine  ripples  above  and  below  the 
mean  value  for  which  the  regulator  is  adjusted.     The  amplitude 


878        Starting,  Lighting  and  Ignition  Systems 


Bijur  System  Parts  879 

of  these  waves  is  very  small,  and  as  the  frequency  is  high,  satis- 
factory hghting  can  be  done  directly  from  the  generator  with 
no  battery  connected  to  the  circuit.  The  generator  is  connected 
to  the  battery,  however,  and  all  lights  and  other  electrical  devices 
take  their  current  from  the  battery  terminals.  The  arrangement 
of  the  voltage  regulator  is  such  that  a  dischai^ed  battery  is  charged 
at  a  rapid  rate  while  the  charging  rate  tapers  ofE  as  the  battery 
becomes  charged.    This  is  clearly  shown  by  the  curve  sheet  C-4, 


at  Fig.  219.  It  will  be  observed  that  at  the  beginning  of  the 
chaining  process  with  the  battery  practically  discharged,  a  charg- 
ing rate  of  16  amperes  was  obtained,  at  the  end  of  one  hour,  but 
14.2  amperes  were  delivered  to  the  battery.  At  the  end  of  three 
.hours  the  charging  current  had  tapered  down  to  11.3  amperes. 
At  the  end  of  eight  hours  but  6^  amperes  was  flowing  to  the 
battery.  In  thirteen  hours  time  the  minimum  chaining  rate  of 
4%  amperes  had  been  reached. 

In  the  constant  voltage  equipment  the  automatic  switch,  vol- 
tage regulator  and  field  resistance  unit  are  mounted  in  an  alu- 
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minum  box  carried  at  the  top  of  the  generator,  as  shown  in  Fig. 
220.  This  box  is  held  in  place  by  a  single  knurled  nut  and  by 
three  connecting  pins  or  plugs  which  fit  into  receptacles  in  the 
generator.  The  two  wires  leading  from  the  generator  are  soldered 
into  a  connecting  plug,  which  in  turn  fits  into  a  receptacle  of  the 
regulator  box.  The  regulator  mechanism  can  be  changed  readily 
by  anyone,  as  no  electrical  or  mechanical  knowledge  or  skill  is 
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Fig.  224. — ^Wiring  Diagram  Showing  Circuits  of  Bijur-Hupmobile  Starting 

and  Lighting  System. 

required.  In  Pig.  221  the  regulator  box  is  shown  with  the  cover 
removed,  which  exposes  the  automatic  switch  and  the  field  resist- 
ance. This  also  shows  an  end  view  in  which  the  connecting  pins  ^ 
are  shown,  and  a  view  of  the  disconnecting  and  reversing  plugs 
also.  An  amperemeter  is  used  in  some  of  the  Bijur  systems,  such 
as  that  at  Pig.  168,  B,  which  shows  the  wiring  diagram  of  a 
Packard  six-cylinder  car,  and  in  Pig.  222,  which  shows  the  sys- 
tem used  on  the  Packard  Twin  Six.     The  amperemeter  is  con- 
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nected  between  the^  generator  and  the  battery  and  shows  only 
generator  output.  Whenever  the  engine  is  running  the  meter 
should  indicate,  and  its  failure  to  do  so  gives  prompt  notice  that 
there  is  trouble. 

The  Bijur  two  unit  systems  are  subjected  to  a  division  on 
account  of  the  starting  motors  that  are  used,  there  being  two 
types,  geared  and  direct  acting.  In  the  geared  type,  double  re- 
duction gears  are  included  between  the  starting  motor  and  the 
engine  flywheel.  An  over-running  clutch  is  included  in  the  gear- 
ing. In  the  direct  acting*  type  the  motor  pinion  meshes  directly 
with  the  flywheel  teeth,  the  double  reduction  gearing  and  roller 
clutch  being  omitted.  The  motor  has  a  square  shaft  and  a  pinion 
having  a  correspondingly  broached  hole  can  be  moved  horizontally 
on  the  shaft  into  and  out  of  mesh  with  the  flywheel.  The  motor 
shown  in  Fig.  220  is  of  this  type.  The  direct  acting  motors  can 
also  be  used  in  connecting  with  the  Bendix  drive  in  which  a  screw 
shaft  carrying  a  weighted  pinion  provides  for  automatic  shifting. 
The  standard  voltage  for  the  Bijur  two  unit  equipments  is  6 
volts,  though  these  have  been  manufactured  in  12,  16,  and  18 
volt  systems. 

A  variety  of  starting  switches  are  manufactured,  these  usually 
being  selected  according  to  the  form  of  starting  motor  used. 
The  usual  type  is  provided  with  a  preliminary  contact  which  con- 
nects the  battery  and  starting  motor  through  a  resistance  looated 
inside  of  the  switch.  This  preliminary  contact  is  made  just  prior 
to  meshing  the  starting  gears  and  flywheels  and  causes  the  motor 
to  rotate  at  low  speed  and  with  little  power,  so  that  proper  mesh- 
ing of  the  gears  is  insured  without  any  liability  of  stripping  them. 
The  switches  may  be  direct  acting  or  indirect  acting.  That  shown 
at  Pig.  220  is  a  direct  acting  switch  having  a  foot-operated  plunger 
which  is  intended  to  project  through  the  floor  board.  Depressing 
this  heel  button  makes  the  two  switch  contacts,  and  also  shifts  the 
gears  into  mesh  with  the  flywheel  through  a  mechanical  interlock 
provided  for  that  purpose.  In  the  indirect  acting  type  the  start- 
ing switch  is  connected  through  a  system  of  linkage  to  a  starting 
pedal  located  at  the  driver's  seat.  Switches  are  also  made  in  which 
no  preliminary  contact  is  used.    The  method  of  meshing  the  gears 
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with  the  single  contact  switch  is  illustrated  at  Fig.  160  in  the 
preceding  chapter.  The  mounting  of  the  generator,  motor  and 
starting  switch  for  the  Hupp  Model  N  car  is  clearly  outlined  at 
Fig.  223.  The  complete  wiring  diagram  for  the  Hupp,  which  shows 
the  manner  in  which  the  various  units  are  connected  together,  is 
shown  at  Fig.  224.  In  this  system  ignition  is  by  the  battery 
through  the  conventional  short  contact  timer  and  distributor  and 
induction  coil.  In  the  Apperson  System,  outlined  at  Fig.  216, 
a  high  tension  magneto  is  used  for  ignition.  This  is  also  the  type 
of  ignition  used  in  connection  with  the  starting  and  lighting  sys- 
tem of  the  Model  21-A  Winton  Six,  shown  at  Fig.  225. 

Bijur-Packard  System.— The  self-starting  and  lighting  system. 
Fig.  168,  B,  used  on  the  1915  six-cylinder  Packard,  is  manufac- 
tured by  the  Bijur  Motor  Lighting  Co.  In  this  system  the  starting 
motor  and  generator  are  separate  units.  The  starting  circuit  is 
simple,  consisting  of  a  motor  connected  directly  to  the  battery 
and  operated  by  closing  a  starting  switch. 

In  the  generator  circuit  the  principal  parts  are :  The  generator ; 
an  automatic  switch  for  breaking  the  circuit  when  the  speed  of  the 
generator  becomes  so  low  that  the  battery  current  would  discharge 
through  it,  and  a  voltage  regulator  of  the  vibrator  type.  A  study 
of  the  wiring  diagram  shows  that  the  automatic  switch  has  two 
coils,  a  voltage  coil  of  high  resistance  connected  across  the  wires 
leading  to  the  battery  and  a  current  coil  in  series  with  the  genera- 
tor and  battery.  The  action  of  this  coil  is  such  that  as  the  arma- 
ture speed  increases  and  the  voltage  becomes  greater,  the  magnet- 
ism generated  in  this  coil  attracts  a  small  steel  arm,  thus  completing 
circuit  between  the  battery  and  the  generator.  Current  then  flows 
to  the  battery  and  lights. 

On  the  other  hand,  as  the  speed  of  the  generator  decreases,  its 
voltage  becomes  less  and  finally  a  point  is  reached  where  the  cur- 
rent begins  to  flow  back  into  the  generator.  This  reversal  of  flow 
produces  a  magnetic  field  in  the  series  coil  of  the  cutout  which 
opposes  the  field  produced  by  the  voltage  coil,  until  finally  the  at- 
traction of  the  latter  for  the  steel  arm  that  completes  the  circuit  is 
entirely  overcome  and  then  the  arm,  impelled  by  a  spring,  breaks 
contact. 
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The  voltage  regulator  operates  on  the  vibrator  principle,  and  is 
designed  so  that  when  the  voltage  becomes  higher  than  the  predeter- 
mined amount  the  vibrator  throws  a  resistance  into  circuit  that  re- 
duces the  amount  of  current  flowing  through  the  field,  as  has  been 
previously  described.  Nothing  in  the  wiring  is  unusual  and  the 
diagram  may  be  easily  followed  in  view  of  the  complete  explana- 
tion previously  given  of  the  Bijur  systems. 


A      \SHUNTFiELO 

n  r# 


CUTOUT  8c  F&jULATOR 


~^^^ 


LAMPS 


j-BI  ^s^      ^^rrcH^ 

▼      BATTERY  ' 


<CD  4  V  flOD 


CHARGING 


^L_  e- 


^^ffllS^'^  START fN6^       "^^ 


i 


Fig.  226. — SimpUfied  Wiring  Diagram  Showing  Action  of  Simm^-HufT 

Starting  and  LiglLting  System. 

The  Simms-Huflf  Single  Unit  System. — The  operation  of  this 
one  unit  system  differs  from  the  Dyneto  in  that  the  wiring  ar- 
rangement is  so  designed  that  the  non-stalling  feature  is  elim- 
inated. The  simplified  wiring  diagram  which  is  presented  at  Fig. 
226  shows  that  this  system  operates  on  the  one  wire  method,  and 
that  the  wiring  is  such  that  a  12-volt  series  battery  arrangement 
is  used  in  starting  while  the  6-volt  parallel  charging  scheme  is 
followed.  The  starting  switch,  which  may  be  either  foot-  or  hand- 
operated,  automatically  controls  the  battery  connection  and  pro- 
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vides  a  wiring  scheme  for  the  lighting  circuit  which  insures  healthy 
battery  action  and  makes  for  minimum  fluctuation  in  candle  power 
when  the  motor,  for  instance,  is  being  cranked  with  the  lights 
burning  or  at  the  other  extreme  when  the  engine  is  raced. 
Through  the  inherent  winding  arrangement,  when  the  motor- 
generator  is  used  for  starting,  it  automatically  becomes*  a  12  volt 
cumulative  compound  motor  which  on  being  driven  by  the  starting 
of  the  engine  becomes  a  differential  dynamo  and  charges  the 
batteries  at  a  predetermined  rate  which  can  be  varied  by  a  single 
regulator  adjustment  that  is  easily  made. 

The  small  diagrams  in  Fig.  226  show  the  inherent  winding 
arrangement  which  automatically  accomplishes  these  results.     On 
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Fig.  227. — Curve  Showing  Current  Output  of  Simm8-Hu£f  Generator. 


examining  the  directions  of  the  arrows  it  will  be  seen  that  the 
current  which  the  arrows  represent  flows  in  the  opposite  direction 
in  the  series  fleld  when  charging  than  it  does  when  starting.  The 
action  of  the  powerful  fleld  winding  is  to  assist  the  motor  when 
starting  by  increasing  the  strength  of  the  magnetic  fleld  and  to 
weaken  the  fleld  strength  of  the  dynamo  when  charging  and  pre- 
vent an  overcharge  at  high  speed.  In  this  manner  it  automati- 
cally assists  the  regulation  of  the  charging  current  delivered  to 
the  battery.  The  charging  current  increases  from  zero  to  its  maxi- 
mum with  a  very  small  increase  in  car  speed.  This  is  clearly 
shown  in  the  graphical  diagram  at  Fig.  227,  as  this  outlines  the 
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rate  of  charge  in  amperes  correapondiiig  to  car  speed  in  m,  p.  h. 
with  the  ordinary  gear  ratios  and  wheel  sizes.  This  curve  illus- 
trates a  sudden  rise  in  current  which  starts  at  a  speed  of  about 
12  m.  p.  h.  and  which  reaches  ita  full  value  of  10  amperes  before 
the  speed  is  increased  over  13  miles  per  M.  P.  H.  From  this  point 
on  the  generator  delivers  a  current  having  a  value  of  10  amperes 
regardless  of  engine  or  car  speed. 

The  construction  of  the  unit  is  clearly  shown  at  Pig.  228.    The 
yoke  and  field  winding  assembly  shows  clearly  the  hexagon  yoke 


Fig.  228. — Views  Showing  Construction  of  Slmms-HnS  Uotoi-Oeneiator.. 

which  makes  it  easy  to  mount  the  device  on  the  engine  and  at  tie 
same  time  gives  a  maximum  field  strength  with  economy  in  space 
and  weight.  The  arnrature  is  an  iron  clad  drum  winding  and  is 
perfectly  balanced.  The  complete  unit  with  the  cover  removed 
from  the  end  to  permit  of  ready  inspection  of  commutator  and 
brushes  is  also  outlined.  The  wiring  diagram  at  Pig.  229  shows 
the  application  of  the  complete  system  to  the  Maxwell  car  while 
the  method  of  attaching  the  generator  to  the  engine  is  clearly  de- 
picted at  Pig.  230. 
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The  unit  is  connected  to  the  gas  engine  through  a  gear  rednc- 
tion  in  the  conventional  manner.  The  starting  is  accomplished 
by  depressing  a  starter  pedal  which  provides  an  interlock  between 
the  starting  switch  and  the  gear  reduction.  When  contact  is  made 
at  the  starting  switch  the  -current  flows  through  the  armature  and 
field  windings,  these  drawing  approximately  40  amperes  from  the 
storage  battery  to  start  a  4  cylinder  car  of  30  H,  P.  The  crank- 
ing speed  depends  upon  the  ratio  of  gear  reduction  and  condi- 
tion of  the  motor.  The  starting  switch  construction  is  bolted  to 
the  left  side  of  the  transmission  case  and  the  interior  arrangement 


Fig.   230. — How  tlu   Slmnu-Hiiir  Hotor-OflnaFatOT  Is  IiutaUed  on  tlie 
Maxwell  Engine. 

is  such  as  to  automatically  connect  the  two  hah-es  of  the  storage 
battery  in  series  when  starting  which  means  a  current  of  12  volts, 
or  in  parallel  when  generating,  which  means  a  charging  current  of 
6  volts.  As  applied  to  the  Maxwell  engine  the  machine  is  geared 
to  the  flywheel  by  a  sliding  pinion  when  starting  and  is  driven  by 
the  fan  belt  from  the  front  end  when  generating. 

In  common  with  all  sy8t«ms  involving  the  use  of  the  generator 
and  storage  battery  together  and  not  having  the  non-stalling  fea- 
ture, it  is  essential  to  provide  some  means  of  preventing  the  bat- 
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is  only  intended  to  prevent  excessive  current  generation.  An  ad- 
justment is  provided  by  means  of  a  slotted  segment  and  bolt  on 
the  fan  support  for  varying  the  belt  tension. 

The  Bosch-Bushmore  System. — Bosch-Rushmore  Systems  are 
made  in  two  forms,  the  chief  difference  being  in  the  generator  con- 
struction. One  form  is  of  the  current  regulation  type,  while  the 
other  operates  on  the  voltage  regulation  principle.  The  complete 
wiring  diagram  given  at  Fig.  231  shows  all  connections  of  the 
Bosch  Standard  Lighting  and  Starting  System.  A  supplementary 
circuit  diagram  is  presented  to  show  the  methods  of  current  regu- 
lation. This  is  accomplished  by  a  ballast  or  bucking  coil  which 
interposes  resistance  to  weaken  the  magnetic  field  and  keep  the 
generator  output  reasonably  constant.  The  starting  motor  is  of 
the  well-known  Rushmore  pattern  which  has  the  automatic  gear 
meshing  feature  produced  by  a  laterally  shiftable  armature.  The 
method  of  operation  is  outlined  at  Fig.  232.  The  starting  motor 
armature  is  normally  pushed  over  to  one  side  of  the  motor  field, 
the  position  being  such  that  the  starting  pinion  carried  on  the 
armature  shaft  is  out  of  mesh  with  the  large  flywheel  gear.  A 
12  volt  battery  is  used  in  connection  with  this  system.  The  first 
movement  of  the  starting  switch  plunger  draws  the  armature  into 
the  field  and  against  the  resistance  of  the  coil  spring  that  act  to 
unmesh  the  gears.  Further  movement  permits  the  starting  cur- 
rent to  flow  through  the  starting  motor  windings,  which  of  course, 
turns  the  engine  over  after  the  pinion  has  been  positively  meshed 
with  the  flywheel  gear. 

Some  of  the  parts  comprising  the  Bosch  System  are  shown  at 
Fig.  233.  The  Bosch  De  Luxe  System,  which  is  the  electrical 
equipment  of  the  Model  6-41-1915  Marmon  car  is  shown  at  Fig. 
234.  The  application  of  the  ignition  generating  and  starting  units 
to  the  6-41  power  plant  is  outlined  at  Fig.  235.  The  generator 
and  ignition  magneto  are  placed  on  the  same  side  of  the  motor 
while  the  starting  motor  is  placed  on  the  valve  side  and  is  carried 
by  a  substantial  bracket  in  such  a  position  that  the  pinion  on  the 
armature  shaft  will  engage  promptly  with  the  starting  gear  cut 
on  the  flywheel.    The  application  of  the  various  control  units  of 
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the  De  Luxe  system  on  the  car  may  be  readily  ascertained  by  in- 
specting the  yiewa  at  Fig.  236.    The  ignition  function  is  normally 


Fig,  233. — Farts  of  tbfl  BoBch-Bnabmore  Storting  and  Llgtatlng  STstem. 

independent  of  the  lighting  and  starting  system  as  a  Bosch  "Vi- 
brating Duplex"  magneto  is  employed.    The  only  time  the  battery 
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is  called  upon  to  contribute  to  the  ignition  is  when  the  engine  is 
cranked  over  very  slowly,  when  it  produces  a  spark  through  the 
Duplex  coil  to  facilitate  starting.  A  special  enclosed  type  of  coil 
is  mounted  under  the  dash  cowl,  this  is  in  series  with  the  battery 
and  also  with  the  primary  winding  of  the  magneto.  With  this 
system  only  a  single  wire  runs  to  the  magneto,  and  no  additional 
timing  device  is  necessary.  When  the  ignition  switch  is  on  battery 
position  the  coil  receives  current  from  the  storage  battery,  this 
augments  the  natural  action  of  the  magneto  and  gives  a  hot  spark 
even  at  very  low  speeds.  The  coil  is  connected  so  that  it  will 
operate  over  a  wide  range  of  voltage  and  will  provide  positive 
ignition  even  though  the  starting  motor  will  barely  turn  the  engine 
over  on  account  of  a  depreciated  battery. 

When  the  starter  pedal  is  released  after  the  engine  starts  the 
ignition  switch  should  be  moved  to  the  '**MN''  or  the  magneto 
position  in  order  to  obtain  straight  magneto  ignition.  A  12  volt 
starting  and  lighting  circuit  is  employed,  all  units,  including  the 
lamps  being  of  this  voltage.  The  one  wire  system  is  employed, 
the  positive  battery  connection  being  grounded  through  a  fuse. 
Instead  of  relying  upon  local  grounds  for  each  connection  an 
armored  cable  is  used  which  not  only  serves  to  protect  the  wires 
but  the  metallic  armor  makes  a  positive  return.  An  ingenious 
connection  is  provided  for  joining  the  various  cables,  so  that  not 
only  a  fine  mechanical  joint  is  obtained  but  at  the  same  time  a 
good  electrical  contact  results.  The  generator  is  a  simple  shunt 
wound  machine  obtaining  all  regulations  by  means  of  external  ap- 
pliances. The  rotating  armature,  which  is  carried  on  ball  bear- 
ings, is  provided  with  a  fan  for  purposes  of  ventilation.  An  auto- 
matic reverse  current  relay  in  the  switch  and  meter  box  on  the 
dash  opens  the  battery  circuit  whenever  the  generator  is  not  run- 
ning, thus  preventing  an  escape  of  battery  current  through  the 
generator. 

A  voltage  regulator  provides  for  the  constant  maintenance  of 
the  correct  electro-motive  force  at  all  times.  The  regulator  is  so 
constructed  that  it  will  maintain  a  fixed  voltage  while  carrying 
the  entire  lamp  load  at  low  motor  speed  and  will  not  vary  when 
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a  change  is  made  either  in  speed  or  load.    The  regulation  means 
must  also  take  care  of  the  internal  conditions  of  the  battery.    If 


Tig.  234. — ^Wiring  DloKram  Showing  Belation  of  Parts  of  BoBcb-Biulimore 
SUrting  and  Ligbtliig  System  Used  on  the  Maimon  Siz-41  Aiit<»ao%Ue. 

the  battery  is  totally  discharged  the  regulation  must  be  such  that 
a  tapering  charge  is  given.    The  amotmt  of  current  flowing  to  the 
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battery  must  become  less  as  the  charge  uears  completion.     The 
regulator  requires  absolutely  no  attention  as  there  is  practically 


Fig.  236.— Metbod  of  Installine  BaBCb-BuBlmiote  Starting  Motors  on  U&i- 
mon  Engines  Sbown  at  tne  Top.  Location  of  Ignition  Magneto  and 
Current  Generator  Depicted  at  the  Bottom. 

nothing  to  get  out  of  order.  The  generator  terminals,  lamp  and 
battery  wires  all  lead  into  the  switch  box  on  the  dash,  which  eon- 
*ains,  besides  the  regulating  devices,  the  volt-ammeter  and  the 
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lighting  switch.  The  volt-ammeter  permits  a  constant  cheek  on  the 
operation  of  the  system.  When  the  control  lever  ia  thrown  to  the 
left  the  needle  should  show  12  to  15  volts  when  the  engine  is  run- 
ning rapidly  or  about  12  volts  when  the  engine  ia  stopped.  "When 
the  lever  is  turned  to  the  right  to  indicate  amperes  the  current  dis- 
charge when  engine  is  not  running  is  about  8  amperes  for  the  full 


Fig.  236. — Views  Sbowtng  OODtrol  Membera  of  Bosdi-Marmon  Starting 
and  Lighting  STstem. 


lamp  load,  and  will  vary  from  this  point  to  8  or  10  amperes  charge 
with  a  rapidly  running  motor,  no  lamp  load  and  a  partially  dis- 
charged battery.  "Whenever  the  needle  indicating  amperes  is  to 
the  right  of  zero  the  battery  is  being  charged.  "Whenever  the 
needle  is  to  the  left  of  zero  current  is  being  drawn  from  the  bat- 
tery. The  starting  motor  (Pig.  237)  is  strapped  firmly  to  the 
crank  case  and  is  a  simple  but  powerful  series  wound  motor  hav- 
ing a  movable  armature.    The  motor  ia  a  plain  bearing  type,  so  oil 
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must  be  placed  in  the  oilers  periodically.  The  instructions  given 
for  the  care  of  storage  batteries  in  connection  with  other  systems 
apply  just  as  well  to  the  Bosch  System. 


Tig.  237. — Sectional  Diagram  at  AShows  Internal  Oonatniction  of  Boach- 
Bushmore  Starting  Motor  WUcb  1b  Shown  Bismantled  at  B. 


Bemy  Starting,  Lighting  and  Ignition  Systems. — The  Rcmy 
Systems  are  made  in  a  number  of  patterns,  most  of  these  operating 
on  the  two  unit  principle.  The  Remy  System  used  on  the  Oakland 
Model  32  uses  the  No.  166  ignition  generator  and  the  model  No. 
114  starting  motor.    The  model  166  ignition  generator  is  similar  in 
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construction  to  that  shown  at  the  left  of  Fig.  239  except  for  the 
mounting  of  the  cutout  relay  which  i^  placed  at  the  back  of  the 
instrument,  instead  of  on  a  bracket  close  to  the  coil.  {The  parts 
comprising  the  Oakland  starting  and  lighting  system  are  clearly 
shown  in  Fig.  240,  all  circuits  which  operate  on  the  one  wire  prin- 
ciple being  clearly  shown.  The  ignition  generator  is  a  low  speed, 
6  volt  machine  of  the  four  pole  shunt  wound  type  and  is  driven 
at  one  and  one  half  times  crankshaft  speed.  The  maximum  cur- 
rent output  is  obtained 
at  moderate  car  speed 
and  it  generates  ample 
current  to  keep  the 
battery  fully  charged. 
The  control  of  the 
current  output  is  auto- 
matically obtained  by 
a  vibrator  type  of 
regulator.  The  arma- 
ture is  a  slotted  drum 
type  and  is  carefully 
balanced  in  order  to 
minimize  bearing 
stresses.  The  ignition 
distributor,  which  em- 
bodies the  distributing 

mechanism  and  circuit  breaker  is  simple  in  design  and  is  posi- 
tively driven  from  the  armature  shaft.  The  ignition  coil  is  also 
mounted  on  the  generator  in  order  to  simplify  wiring. 

The  starting  motor  is  a  four  pole  series  wound  machine  using 
the  Eclipse-Bendix  automatic  transmission  to  connect  the  motor 
with  the  engine.  In  this  type  the  extended  armature  shaft  carrieis 
a  hardened  steel  sleeve  upon  which  a  triple  worm  gear  is  cut. 
Operating  upon  this  sleeve  is  a  hardened  steel  pinion  having  a 
lateral  travel  of  about  1%".  When  the  current  is  supplied  to  the 
starting  motor,  the  armature,  being  free,  begins  to  revolve  at  a  high 
rate  of  speed.     The  pinion,  by  reason  of  its  property  of  inertia 


Wiring  Diagram  for  Type  "A" 
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Fig.  238. — ^Wiring  Biagram  for  Type  A  Boscli- 
Bushmore  Starting  Motor. 
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Fig.  239. — ^PaTts  of  Bemy  Two  Unit  Starting,  lighting  and  Ignition 


Bemy  Two  Unit  System 


399 


tends  to  stand  still  and  is  drawn  by  the  worm  along  the  sleeve  and 
into  mesh  with  the  gear  which  is  cut  upon  the  flywheel.  The 
starting  switch  is  a  very  simple  fitting,  designed  especially  for  use 
with  the  automatic  pinion  shift.  The  combination  lighting  and 
ignition  switch  has  two  removable  keys,  that  at  the  left  controlling 
the  lighting  service  and  on  the  right  the  ignition  circuit.  The 
lighting  switch  has  three  positions.  One  in  which  all  lights  are 
off,  a  second  in  which  the  dash  light  is  bright  and  the  tail  lights 
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Fig.  241. — Wiring  Diagram  Showing  Circuits  of  Bemy-Oakland  Starting, 

Lighting  and  Ignition  System. 


and  head  lights  are  dim  and  a  third  position  in  which  all  lights  are 
bright.  The  cutout  relay  regulator  used  in  connection  with  this 
system  is  also  shown  at  Fig.  239  with  the  cover  removed.  The 
cutout  operates  on  the  same  principle  that  has  been  previously  de- 
scribed  and  acts  merely  to  prevent  discharge  of  the  battery  through 
the  generator  when  the  engine  is  not  running.  The  contact  points 
of  the  cutout  are  held  together  only  as  long  as  the  voltage  of  the 
generator  is  in  excess  of  the  battery  voltage. 

The  regulator  portion  consists  of  an  electro  magnet,  an  arm 
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operating  on  hardened  bronzed  pivots;  two  sets  of  contact  points, 
two  of  which  are  mounted  upon  springs  and  a  resistance  unit. 
When  the  generator  is  running  at  a  speed  lower  than  that  re- 
quired for  maximum  output  the  regulator  contact  points  are  held 
together  by  a  spring  under  the  arm  and  the  current  supplied  to 
the  generator  field  passes  directly  through  these  points.  As  soon, 
however,  as  the  speed  of  the  generator  increases  to  such  a  point 
that  the  output  rises  above  the  predetermined  maximum,  the  charg- 
ing current  which  is  flowing  through  the  coil  on  the  electro  mag- 
net energizes  it  to  such  an  extent  that  it  pulls  the  arm  down.  This 
pulls  the  contact  points  apart  and  forces  the  field  current  which 
had  heretofore  been  passing  through  these  points  to  pass  through 
the  resistance  unit.  The  resistance  decreases  the  field  current 
which  in  turn  diminishes  the  output  of  the  generator.  As  this 
reduces  the  energizing  effect  of  the  electro-magnet,  the  spring  forces 
the  contact  points  together  and  the  resistance  is  cut  out  of  the  field 
circuit.  A  continuous  repetition  of  this  operation  sends  a  pul- 
sating current  to  the  generator  field  and  holds  the  output  of  the 
generator  at  practically  a  constant  value.  For  the  purpose  of  pro- 
tecting the  generator,  an  easily  accessible  fuse  is  fitted  to  the  relay 
regulator  base.  In  case  the  battery  should  become  disconnected, 
either  through  accident  or  neglect,  this  fuse  will  burn  out,  rendering 
the  generator  inoperative  and  damage  proof.  The  wiring  diagram 
presented  in  technical  form  of  the  Eemy-Oakland  32  system  is 
shown  at  Fig.  241.  In  view  of  the  explanations  that  have  been 
previously  give  no  difficulty  should  be  experienced  in  tracing  the 
various  connections,  especially  if  the  wires  are  compared  with 
those  on  Fig.  240,  which  show  the  connections  to  the  units  com- 
prising the  system  but-not  the  internal  connections  of  the  units. 

Another  Eemy  Starting  and  Lighting  System  uses  the  model 
165  ignition  generator  which  is  shown  at  Fig.  242.  This  includes 
a  standard  magneto  distributor  and  circuit  breaker  and  forms  a 
single  unit  from  which  current  for  lighting,  ignition  and  starting 
is  obtained.  The  ignition  generator  carries  the  full  lamp  and  igni- 
tion load  of  approximately  7%  amperes  at  a  car  speed  of  from  10 
to  12  miles  per  hour.  The  output  of  this  generator  is  regulated  by 
the  well  known  third  brush  system.    At  low  speeds  the  magnetic 
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flax  of  a  generator  is  evenly  distributed  along  the  basis  of  genera- 
tor pole  pieces,  but  at  high  speeds  it  becomes  destroyed.  The  third 
brush  which  supplies  current  to  the  generator  field  winding  is  so 
located  in  relation  to  the  main  line  brush  of  opposite  polarity  that 
this  distortion  of  the  magnetic  flux  reduces  the  current  which  it 
supplies  to  the  field  windii^.  This  decrease  of  field  current  natu- 
rally causes  a  decrease  in  the  output  of  the  generator  and  prevents 
it  from  attaining  a  harmful  value.  The  only  external  regulating 
device  used  is  a  reverse  current  relay  to  prevent  the  storage  battery 
discharging  back  through  the  generator.  The  current  for  ignition 
is  taken  from  the  storage  battery  and  is  passed  through  the  induc- 


Fig.  242. — Views  Sbowliig  Bemy  Ignition  Ctanetatcr  Unit  and  Auotlier 
Form  of  Starting  Motor. 

tion  eoil  before  it  is  delivered  to  the  distributor  of  the  generator. 
The  complete  Remy  lighting,  starting  and  ignition  system  used  on 
the  Reo  car  is  shown  at  Fig.  243,  This  diagram  is  especially  valu- 
able inasmuch  as  it  not  only  shows  all  circuits  but  also  the  size  of 
the  wires  needed  to  connect  the  various  units  together. 

In  connection  with  the  Remy-Oakland  system  it  is  stated  that 
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the  ignition  switch  must  be  placed  in  the  "oflf"  position  when  the 
engine  is  not  running.  If  it  is  let  in  the  "on"  position  when  the 
engine  is  not  running,  current  from  the  storage  battery  will  be 
dissipated  in  the  ignition  coil  and  will  result  in  battery  exhaustion. 
The  battery  should  never  be  disconnected  while  the  engine  is  run- 
ning as  this  will  cause  a  generator  protective  fuse  on  the  relay 
re^lator  base  to  bum  out.  In  case  this  fuse  should  b^m  out  and 
an  extra  one  is  not  available  it  is  possible  to  proceed  without  a 
fuse  as  the  charge  in  the  battery  will  operate  the  ignition,  lamps 


Fig.  244. — ^wiring  Dlagrtun  of  Bemy-National  Two  Annatuie  System. 

and  horns  in  eases  of  emergency.  A  new  fuse  may  readily  be 
made  of  commercial  10  ampere  fuse  wire.  Six  volts,  single  point 
Mazda  bulbs  may  be  used,  but  their  life  will  not  be  as  long  as  6^ 
or  7  volt  bulbs. 

Bemy  Two-Armature  Lighting  and  Starting  Sjrstem. — The 
electric  starting  motor  and  lighting  generator  on  Series  AA  Na- 
tional cars  is  the  Bemy  Model  150  six  volt  system.  The  electric 
machine  employs  two  separate  armatures  and  two  separate  fields, 
the  motor  being  superimposed  upon  the  generator,  although  both 
are  in  one  steel  easting,  making  a  neat,  compact  unit,  familiarly 
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dubbed  a  ** double  decker."  The  wiring  diagram  is  shown  at 
Fig.  244. 

The  two  armatures  are  connected  together  by  a  train  of  gears 
and  an  overrunning  clutch,  so  that  the  gears  and  motor  armature 
are  in  operation  only  when  the  starting  switch  is  pressed!  Incor- 
porating the  reduction  gearing  and  overrunning  clutch  of  the 
starting-generator  unit  in  an  oil  bath,  insures  silent  operation  dur- 
ing starting,  as  external  gears  and  the  meshing  of  the  same  are 
entirely  eliminated. 

The  unit  has  only  one  drive  shaft  and  is  connected  to  the  en- 
gine by  an  Oldham  coupling.  This  allows  of  quick  and  easy  re- 
moval from  the  engine  for  inspection  if  necessary,  although  large 
inspection  plates  are  provided  on  the  unit  itself,  which  is  con- 
veniently and  accessibly  located  on  the  engine.  Although  the  frame 
for  the  two  units  is  a  steel  casting,  the  magnetic  circuits  are  en- 
tirely independent,  as  may  be  seen  from  the  illustration.  The 
generator  is  shunt  wound  and  is  automatically  regulated  for  con- 
stant current  by  a  vibrator,  which  is  mounted  on  the  same  base 
with  the  relay  or  electric  cutout.  The  function  of  the  regulator  is 
to  keep  the  output  of  the  generator  constant  regardless  of  the 
speed  of  the  engine.  The  relay  is  simply  an  electric  switch  which 
opens  and  closes  the  circuit  between  the  generator  and  battery  auto- 
matically to  prevent  dissipation  of  battery  current  in  the  generator 
when  the  engine  is  at  rest. 

The  motor  is  of  the  conventional  series  type  and  is  wound  to 
withstand  heavy  overloads.  Armatures,  brush  holders,  fields,  etc., 
are  built  in  accordance  with  standard  electrical  practice.  The  gen- 
erator windings  are  protected  against  injury  by  means  of  a  fuse 
located  on  the  relay-regulator  base.  Should  the  battery  become 
disconnected  either  through  accident  or  neglect,  this  fuse  will  burn, 
thus  protecting  generator  and  field  against  excessive  voltage,  which 
would  result  if  the  field  circuit  were  not  opened. 

To  start  the  engine  the  operator  presses  the  starting  switch, 
which  puts  the  motor  armature  into  motion,  engages  the  gearing 
and  clutch,  and  turns  the  engine  over.  .  When  the  engine  is  run- 
ning under  its  own  power  the  clutch  and  engine  are  automatically 
disengaged  and  the  unit  operates  only  as  a  generator^    The  lamp 
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load  of  the  car  is  carried  by  the  generator  at  about  12  miles  per 
hour,  Aa  a  "tell-tale"  an  indicator  is  employed,  from  which  the 
operator  may  determine  whether  the  generator  is  working  prop- 
erly. A  simple  lighting  switch  is  used  for  turning  on  any  combina- 
tion of  lamps.  No  side  lamps  are  used,  as  the  head  lamps  contain 
small  independent  bulbs  for  signal  lamps.  The  two-wire  system  of 
wiring  is  used.  It  has  been  carefully  developed,  resulting  in  a  very 
simple  layout,  as  may  be  seen  from  the  accompanying  wiring  plan 
of  the  system  as  applied  to  the  six-cylinder  National  car. 


The  Westlnghouse  Systems. — The  Westinghouse  systems  oper- 
ate on  the  regenerative  principle,  i.e.,  when  the  engine  is  not  run- 
ning or  when  it  is  running  at  a  very  low  speed  the  current  load  is 
taken  by  the  battery  and  the  power  thus  absorbed  is  returned  to  the 
battery  when  the  car  is  running  at  usual  speeds  during  the  day. 
The  generator  has  an  output  at  average  car  speeds  sufficient  to  carry 
an  ample  lighting  equipment  without  drawing  on  the  battery  for 
power.  The  Westinghouse  generators  are  compact  and  are  in- 
,  tended  to  operate  at  the  usual  magneto  shaft  speed.  They  can  be 
connected  directly  to  the  driving  shaft  with  an  ordinary  Oldham 
coupling,  and  the  design  is  such  that  the  center  line  of  the  arma- 
ture shaft  is  at  the  usual  magneto  shaft  height.    When  a  generator 
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attains  a  speed  higher  than  that  at  which  it  generates  the  battery 
voltage,  an  automatic  switch  inside  the  generator  automatically 
connects  the  generator  to  the  circuit.  This  switch  is  so  adjusted 
that  it  disconnects  the  generator  at  a  speed  about  25%  lower  than 
the  **cut  in*'  speed,  the  difference  in  speed  between  ** connection*' 
and  '* disconnection'*  provides  against  the  switch  operating  *4n" 
and  ''out'*  continuously  when  the  car  is  running  at  the  speed  at 
which  the  switch  closes  the  circuit. 

As  is  common  in  other  systems  mentioned  the  generators  are  of 
two  types  with  respect  to  the  regulation  of  output.  In  one  the 
current  supplied  by  the  generator  is  regulated  inherently  by  the 
winding  of  the  machine,  the  control  of  the  voltage  depending  upon 
the  storage  battery.  In  the  other  type  an  automatic  potential  regu- 
lator which  forms  part  of  the  generator  keeps  the  voltage  constant 
and  regulates  the  battery  charge.  The  Westinghouse  generators 
can  be  furnished  with  or  without  ignition  parts.  "Where  the  igni- 
tion is  incorporated  with  the  generator,  as  at  Figs.  245  and  246, 
the  general  construction  follows  closely  that  of  other  battery  igni- 
tion systems  in  principle  as  the  battery  current  is  transformed  in 
an  induction  coil  to  a  value  sufficiently  high  to  overcome  the  re- 
sistance of  the  air  gap  at  the  spark  plugs.  The  interrupter  is 
mounted  on  the  generator  shaft  and  the  contacts  are  operated  by 
a  centrifugal  device  that  automatically  times  the  degree  of  spark 
advance  to  the  speed  of  the  engine.  The  distributor  is  of  the  usual 
face  plate  type  but  specially  designed  so  the  distributor  plate  can 
be  placed  in  position  without  interfering  with  the  contact  brushes 
and  without  the  use  of  tools.  The  internal  wiring  of  the  ignition- 
generator  is  shown  at  Fig.  247. 

The  various  forms  of  Westinghouse  generators  have  been  pre- 
viously described.  All  the  Westinghouse  motors  are  series  wound 
and  are  entirely  enclosed.  The  rectangular  shape  is  followed  in 
some  which  makes  them  easily  located  and  permits  the  rigid  mount- 
ing. The  motors  may  have  integral  planetary  reduction  gearing 
or  may  be  provided  with  shafts  to  permit  of  mechanical  or  auto- 
matic shifting  of  the  pinion  with  the  flywheel  gear.  The  starting 
switches  are  of  two  types,  the  mechanically  actuated  and  the  mag- 
netically operated  types. 
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rig.   216. — Shoving   Arrangement  of  IgnlUon  Farts  of  WesUnghouBS 
IgniHon  0«iieratOT  Unit. 

The  "Westinghouse  starting  motor  using  the  automatic  gear 
shift  ia  made  in  two  patterns,  as  shown  at  Pig,  248.  One  of  these, 
known  as  the  inboard,  is  so  mounted  that  rotation  of  the  armature 
shaft  draws  the  starting  pinion  toward  the  motor.  The  outboard 
design  illustrated  below  it  is  so  arranged  that  the  pinion  is  shifted 
away  from  the  motor  when  the  armature  starts  to  turn.  Obviously, 
the  way  the  pinion  will  shift  is  determined  by  the  angularity  of 
the  spiral  thread.    If  the  thread  is  righf  handed  the  pinion  will  he 
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Fig.  247. — ^Wiring  D1«biud  Of  WegtlngtioiiM  Ignition  Ottnerator. 


shifted  in  one  direction,  if  left  handed  it  will  be  moved  in  the 
other.  The  inboard  type  of  motor  is  intended  for  use  where  the 
flywheel  is  exposed  while  the  outboard  form  has  been  designed 
for  attachment  to  the  flywheel  case  of  a  power  plant  having  an  en- 
closed flywheel.    The  two  switches  are  also  shown  in  this  illustra- 


Flg.  218.— Two  T7P«B  of  Westlngliouse  StartUig  Motors  and  Operating 
Swltctiofl. 
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tion.  The  magnetic  switch  is  a  simple  form  operated  by  a  push 
button.  The  plunger  switch  follows  the  conventional  design  for  de- 
vices of  this  character.  The  wiring  diagram  when  the  plunger 
switch  18  used  is  very  simple  as  outlined  at  A,  Pig.  249.  The  other 
circuit  at  B  shows  the  method  of  connecting  the  electro-magnetic 
starting  switch. 

The  application  of  a  Westinghouse  generator  of  the  simple  form 
to  a  1916  National  Twin  Six  engine  is  shown  at  the  top  of  Pig.  250. 
The  method  of  mounting  the  starting  motor  is  clearly  shown  in 
the  top  view  of  the  motor  at  the  bottom  of  the  illustration.     The 


Fig.  249. — wiling  DUirrain  Sliowlng  tbs  Use  of  the  Weetlngliouse  Start- 
ing Motor  witb  Meclmnlcal  Swltcb  at  A  and  wiUi  Magnetic  Switdi 
and  Oeneiator  at  B. 

wiring  of  the  Westinghouse  lighting  circuit  is  shown  at  Pig,  251. 
This  does  not  differ  greatly  from  other  one  wire  systems  having 
a  separately  mounted  current  regulator.  The  complete  wiring  dia- 
gram presented  at  Fig.  252  is  that  used  on  the  Fierce-Arrow  closed 
cars  and  shows  all  necessary  connections  as  well  as  the  various 
circuits  for  a  comprehensive  starting  and  lighting  system. 

The  various  accessory  devices  comprising  the  Westinghouse 
system  are  huilt  on  approved  electrical  principles.  Some  of  these 
are  shown  at  Pig.  253.  To  prevent  injury  to  the  battery  and  lights 
through  short  circuits  due  to  accidents  or  carelessness,  fuses  should 
be  used  in  all  lighting  circuits.  The  Westinghouse  fuse  boxes  are 
not  only  thoroughly  enclosed  but  they  are  arranged  to  use  enclosed 
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Flg.-260— Tlem  ShowlnE  tlio  FiactlcBl  Applleatton  of  tiw  WMUnglioaM 
CtanaratoT  uid  StarUng  Uotor  to  H^tloiul  Twin  Six  Euglne. 

fuses  which  do  not  produce  a.  spark  when  they  blow.  A  four-cir- 
cuit fuse  box,  as  illustrated,  is  necessary  if  a  dome  light  or  buzzer 
is  used,  though  a  three-circuit  fuse  box  will  be  adequate  in  the 
ordinary  open  car  lighting  system.  A  circuit  is  usually  provided 
for  the  head  lighta,  one  for  the  side  lights,  and  an  extra  circuit  for 
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the  meter  light,  horn,  trouble  lamp,  etc  The  tail  light  can  be  so 
connected  that  it  will  light  when  either  the  head  lights  or  side 
lights  are  illuminated  or  when  both  are  used.  The  screws  used  for 
making  connections  to  the  fuse  terminals  are  of  a  pattern  that  eau- 
not  be  entirely  removed,  which  prevents  their  being  lost.    The  fuses 


Fig.  263.— FuH  Box,   Cotmectloii  Block,   Junctioii   Box  and  Llghtliig 
Swltdi  Usod  in  Oonnactlon  wltb  WMtlngliDiiM  UglitiDB  Srstem. 

are  of  the  indicating  type,  or  glass  tube  fuses  may  be  supplied  in 
which  the  fuse  wire  itself  is  visible.  A  15  ampere  fuse  should  be 
used  in  the  head  light  circuit,  a  5  ampere  fuse  in  the  side  light 
circuit  and  15  ampere  fuses  in  the  extra  circuit.  The  lighting 
switches  used  are  of  the  push  button  type  and  are  similar  in  opera- 
tion to  those  used  in  house  lighting.    They  are  made  in  two,  three 
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and  four  gang  types,  or  may  be  of  the  form  shown  at  Fig.  253, 
which  combines  an  ignition  switch.  Coupling  boxes  are  provided 
to  make  possible  the  ready  removal  of  the  body  from  the  chassis 
as  these  bring  all  the  wiring  to  one  point  and  make  it  possible  to 
disconnect  the  bodies  without  cutting  wires  or  unsoldering  joints. 
Small  junction  boxes  are  used  wherever  a  branch  circuit  is  tapped 


off  the  main  wiring.    These  are  very  useful,  as  no  soldering  or  tap- 
ing of  joints  is  required  and  proper  connections  are  assured. 

An  ingenious  application  of  a  Westinghouse  starting  motor  to 
the  FIAT  car  is  outlined  at  Pig.  254.  The  motor  is  contained 
in  a  housing  or  box  attached  to  the  crank  case  foot  and  is  connected 
to  the  flywheel  through  reduction  gearing.  A  sliding  pinion  on  the 
electric  motor  operated  shaft  is  adapted  to  engage  with  teeth  cut 
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Closed 


in  the  circumference  of  the  flywheel.  The  motor  is  started  by  a 
switch  attached  to  the  rear  end  of  the  motor  housing,  this  switch 
is  operated  by  a  lever  engaging  with  a  fork  attached  to  the  long 
shaft  shown  in  illustration.  This  type  of  control  is  distinct  from 
others  in  use  as  it  is  operated  by  the  change  speed  lever,  so  it  is 

impossible  to  start  the 
motor  when  transmis- 
sion gears  are  in  mesh. 
The  gear  shift  lever  is 
carried  over  into  an  ad- 
ditional slot  in  the  H 
plate,  it  of  course  be- 
ing impossible  to  oper- 
ate the  change  speed 
gears  as  long  as  the 
shift  lever  is  in  the 
starting  slot.  The  gen- 
e  r  a  1 0  r  is  suspended 
from  a  bracket  at- 
tached to  one  of  the 
frame  cross  members 
and  is  driven  by  means 
of  a  silent  chain  from 
a  sprocket  attached  to 
a  flywheel.  The  gener- 
ator supporting  bracket 
is  provided  with  a  sim- 
ple means  of  adjust- 
ment to  take  care  of  the 
chain  stretch.  The 
generator  mounting  is  not  shown  in  the  illustration. 

The  Kemco  Fan — Oenerator  System. — Considerable  difficulty 
has  been  experienced  by  motorists  owning  old-model  cars  and  de- 
siring to  fit  electric-lighting  systems  on  account  of  no  provision  hav- 
ing been  made  by  the  makers  of  the  car  for  installing  or  driving 
a  suitable  generator  of  electricity.  A  combined  fan  and  dynamo 
which  is  novel  in  construction  is  shown  at  Fig.  256,  A.     In  this 
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Fig.  255. — ^View  Showing  Operation  of  West- 
inghouse  Automatic  Outout. 
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Fig,  256. — Sliowlne  Method  of  UtUIzine  the  Kemco  Combined  Fan  and 
Dynamo. 
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the  rotary  member  of  the  generator  is  provided  with  a  series  of 
fan  blades  and  is  intended  to  replace  the  cooliog  fan  usually  sup- 
plied on  most  ears,  whether  air  or  water  cooled.  The  dynamo  por- 
tion is  very  compact  and  very  little  of  the  efficiency  of  the  cooling 
fan  is  sacrificed  to  obtain  the  advantage:^  incidental  to  electric  light- 
ing. The  generator  is  so  arranged  that  it  may  be  driven  by  the 
fan  belt  in  just  the  same  manner  as  the  fan  originally  supplied 


Fig.  257. — Metbod  of  InstalUiiK  tb«  Eemco  Starting  Motor. 

with  the  car.  A  wiring  diagram  showing  the  method  of  installing 
the  various  components  comprising  the  Keraco  lighting  system  is 
presented  at  B,  while  the  appearance  and  method  of  mounting  the 
generator  are  shown  in  the  drawing  above  it. 

The  application  of  the  Kemeo  Starting  Motor  to  a  car  that 
was  not  designed  initially  for  a  self-starting  system  is  shown  at 
Pig.  257.  This  motor  takes  current  from  the  storage  battery  in  a 
conventional  way,  the  battery  being  kept  charged  by  the  Kemco 
Fan- Generator.     The  application  is  extremely  simple,  the  motor 
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being  geared  down  by  integral  reduction  gearing  and  a  suitable 
clutch  provides  for  its  connections  to  the  crankshaft.  The  start- 
ing unit  is  carried  by  simple  bracket  members  attached  to  the 
spring  horns. 

The  cranking  motor  is  designed  to  fit  on  the  front  of  the  car, 
replacing  the  hand  crank,  and  to  duplicate  the  action  of  hand 
cranking.  When  the  switch  button  is  pressed  the  same  starting 
clutch  as  would  have  been  employed  with  a  hand  crank  is  slipped 
into  engagement  with  the  crankshaft  and  the  motor  is  spun  until 
it  fires.  "When  the  engine  starts  under  its  own  power  the  starting 
clutch  is  automatically  thrown  out  in  the  same  manner  that  the 
hand  crank  is  thrown  out  of  engagement  when  the  engine  starts. 
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Fig.  258. — The  Hartford  Starting  and  Lighting  System. 


The  system  works  at  6  volts  and  should  be  installed  in  connection 
with  a  100-ampere  hour  storage  battery.  The  starter  is  made  in 
two  different  sizes  so  that  all  classes  of  cars  are  covered.  The  gear 
ratio  between  the  armature  of  the  cranking  motor  and  the  crank- 
shaft is  9.5  to  1. 

Some  of  the  special  electrical  features  in  connection  with  this 
machine  are  particularly  its  automatic  action  in  engaging  to  the 
crankshaft  by  means  of  a  magnetic  control  when  the  starting  but- 
ton is  depressed.  The  release  is  altogether  independent  from  the 
solenoid  coil  which  engages  the  cranking  motor  with  the  crankshaft, 
being  due,  as  explained,  to  the  declutching  of  the  cranking  motor. 
The  starter  ife  controlled  by  the  car  operator  by  a  button  depressed 
>y  the  foot.    It  can  be  applied  to  practically  any  make  of  car  by 
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fig.  259. — U.  S.  L.  One  Unit  Starting  System  in  WMcb  Comliinatioii 
Motor-OenetatOT  Seplaces  the  Engine  Fljrwkeel. 
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means  of  universal  fittings  which  attach  across  the  front  of  the 
frame  and  are  adjustable  in  every  possible  way  so  as  to  fit  the  car 
properly.  With  this  arrangement  no  drilling  or  machine  work  is 
necessary.  In  connection  with  the  new  cranking  motor  there  is 
also  brought  out  a  positive  drive  for  the  Kemco  fan  generator. 
This  gives  an  improved  two-unit  starting  and  lighting  system  with 
which  a  car  can  be  completely  electrically  equipped.  The  overall 
dimensions  of  the  cranking  motor  are  9  by  7  inches.  Its  weight 
is  approximately  3  pounds  and  since  the  weight  of  the  generator 
is  11  pounds,  the  two  principal  units  total  less  than  50  pounds. 

A  special  two-tinit  electric  starting  and  lighting  system  for 
Ford  cars  has  also  been  brought  out,  operating  on  the  same  prin- 
ciple as  the  larger  one  but  adapted  especially  for  the  Ford. 

Hartford  Starting  System. — The  wiring  diagram  at  Fig.  258 
shows  clearly  the  method  of  connecting  the  various  appliances 
forming  part  of  the  Hartford  starting  and  lighting  system.  This 
is  a  12  volt,  two  wire  starting  system,  with  a  connection  so  the 
lamps  receive  their  current  from  the  battery  on  the  three  wire  sys- 
tem. The  two  terminals  of  the  generator  are  connected  to  the  stor- 
age battery  in  the  usual  way,  one  directly  to  a  terminal,  the  other 
through  the  automatic  cutout.  When  the  knife-switch  is  closed,  the 
battery  current  flows  through  the  motor  windings  and  turns  the 
engine  crankshaft.  The  connections  are  so  clearly  shown  that 
further  description  is  unnecessary.  The  speed  of  the  generator 
armature  is  governed  by  the  centrifugal  governor,  which  is  de- 
signed to  keep  it  at  1200  revolutions  per  minute.  The  lighting 
switch  is  of  the  selective  barrel  type,  having  three  positions  of  the 
handle,  one  of  which  will  give  the  head  and  rear  lamps,  the  inter- 
mediate position  lighting  the  side  and  rear,  while  the  last  position 
sends  the  current  through  all  the  lamps.  This  switch  is  not  shown 
in  the  diagram. 

U.  S.  L.-Jefifery  System. — The  complete  starting  system  shown 
at  B,  Fig.  259  used  on  1913  and  1914  Jeffery  cars,  is  one  in  which 
the  motor-generator  replaces  the  gasoline  engine  flywheel.  This 
means  that  it  is  directly  connected  to  the  motor  crankshaft  and 
does  not  employ  any  reduction  gearing  of  any  form.  The  various 
members  comprising  the  starting  system  are  indicated  in  heavy 
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black  lines,  while  the  rest  of  the  chassis  is  shown  in  light  black 
lines.  The  system  is  simple  and  easily  understood.  An  automatic 
switch  which  changes  the  electric  machine  into  a  generator  for 
charging  the  storage  battery  when  the  gasoline  engine  is  running 
and  the  starting  button  is  in  its  released  position  is  one  of  the  im- 
portant parts.  The  regulator  which  makes  the  rate  of  charging 
the  battery  the  same  at  all  engine  speeds  is  placed  on  the  dash. 
The  simple  operation  of  depressing  the  starting  button  when  the 
gasoline  engine,  is  not  turning  changes  the  flywheel  generator  into 
an  electric  motor  that  draws  current  from  the  twenty-four  volt 
storage  battery  and  which  rotates  the  motor  crankshaft.  A  Jeffery 
motor,  with  unit  motor-generator  replacing  the  flywheel,  is  shown 
at  A,  Pig.  259,  while  the  complete  system  in  its  relation  to  the 
other  parts  of  the  motor  car  chassis  are  shown  at  Fig.  260. 


CHAPTER   VI 

STAETING  SYSTEM  FAULTS  AND  THEIR  SYSTEMATIC  LOCATION 

Indications  of  Trouble  in  Gray  &  Davis  Systems — ^FauUs  in  Motors  and 
Generators — Commutator  Faults^Fitting  Brushes — ^Faults  in  Wiring — 
Care  of  Lamps  and  Storage  Battery — Delco  System  Troubles — ^Testing 
for  Defective  Windings — Defects  in  Dyneto  Systems — ^Troubles  in  Bosch- 
Rushmore  System — Remy  System  Faults. 

This  portion  of  the  treatise  is  intended  primarily  for  the  me- 
chanic who  may  be  confronted  with  more  or  less  complex  problems 
in  caring  for  and  repairing  the  electrical  system,  though  the  in- 
structions given  are  sufficiently  complete  and  so  simply  expressed 
that  the  motorist  can  avail  himself  of  them.  The  mechanic  who  has 
had  experience  on  electrical  apparatus  has  invented  methods 
whereby  he  checks  or  tests  various  parts  of  the  apparatus,  but 
quite  often  these  checks  or  tests  are  not  infallible.  It  is  the  aim 
of  this  chapter  to  point  out  to  the  mechanic  the  most  practical 
manner  of  making  reliable  tests.  The  importance  of  searching  for 
trouble  in  a  systematic  manner  cannot  be  too  strongly  emphasized. 
The  expert  always  follows  a  definite  course  of  procedure  in  locating 
derangements,  the  amateur  works  in  a  haphazard  manner  and  sel- 
dom accomplishes  anything.  One  finds  trouble  by  a  process  of 
search  and  elimination,  the  other  finds  it  by  good  fortune  if  the 
fates  are  kind. 

Locating  Troubles  in  Gray  &  Davis  System. — In  event  of  trou- 
ble with  the  Gray  &  Davis  lighting  system,  the  makers  recommend 
a  careful  study  of  the  symptoms,  which  will  usually  provide  a 
guide  to  find  the  component  at  fault.  The  indicator  on  the  dash 
shows  positively  any  failure  of  the  generator  or  any  break  in  the 
wiring.  If  the  indicator  does  not  indicate  **  charge '^  when  the  en- 
gine is  speeded  up  but  shows  ** discharge''  when  lights  are  turned 
T  and  the  engine  at  rest,  the  dynamo  or  current  regulator  is  not 
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working  properly.  A  common  trouble  is  the  dynamo  brushes  not 
sliding  freely  in  their  holders.  If  the  dynamo  is  driven  by  friction 
belt  this  may  be  too  loose  to  drive  the  dynamo  at  proper  speed. 
If  the  indicator  does  not  indicate  "charge"  with  the  engine  speeded 
up  and  does  not  indicate  "discharge"  with  the  lights  on  and  the 
engine  at  rest,  one  should  look  for  an  open  circuit  or  loose  eon- 
ueotion  in  the  battery  wiring  or  for  corrosion  or  looseness  in  the 


Fig.  261. — OtulmflTB  Englna  Showing  Iiocatlon  of  Qrajr  ft  Darls  StarUng 
Bfotor,  Ckner&tor  and  Ontont  BoUy. 

storage  battery  terminals.  Sometimes  the  dynamo  terminals  may 
have  loosened  and  imperfect  contact  exist  at  this  point.  Should  the 
indicator  show  "discharge"  with  the  lights  turned  off  and  engine 
at  rest  (providing  that  the  indicator  pointer  is  not  bent),  the  in- 
sulation on  lamp  wires  may  be  injured,  this  permitting  contact  with 
the  frame,  causing  a  short  circuit.  If  the  indicator  indicates 
"charge"  with  the  engine  at  rest,  it  is  a  positive  indication  that  the 
pointer  is  bent. 
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If  the  charge  indications  are  below  normal  with  the  engine  run- 
ning, it  may,  be  on  account  of  slipping  of  the  driving  belt  if  the 
dynamo  is  driven  in  that  manner,  or  because  of  poor  adjustment  of 
the  centrifugal  governor,  if  that  type  of  dynamo  is  used.  If  the 
ammeter  ** discharge''  indications  are  above  normal  it  is  a  sign 
that  the  lamp  load  is  excessive  or  one  of  the  lamp  wires  is  in  con- 
tact with  the  frame.  When  the  indicator  pointer  jerks  from  one 
reading  to  another  with  engine  running  at  constant  speed  on  the 
discharge  scale,  it  means  either  a  short  circuit  in  the  system  or  a 
loose  terminal.  If  trouble  is  experienced  from  fuses  burning  out 
repeatedly,  it  is  a  sign  that  the  lamp  wires  are  in  contact  with  the 
frame  at  some  point  or  that  one  of  the  lamps  is  defective  because 
of  a  short  circuited  filamenti  If  the  engine  cranking  speed  is  very 
low  and  this  is  not  due  to  the  engine  being  stiff,  such  as  would  be 
the  case  in  cold  weather  or  after  the  engine  has  been  overhauled 
and  bearings  tightened,  it  may  be  considered  a  positive  indication 
that  the  storage  battery  is  almost  discharged  or  that  it  is  defective 
in  some  way.  If  the  starting  motor  does  not  rotate;  the  battery 
may  be  discharged,  the  starting  switch  may  not  be  making  good 
contact  or  a  motor  brush  may  not  make  good  contact  with  the  com- 
mutator. There  may  be  an  open  circuit  in  the  battery  wiring  to 
the  motor,  or  there  may  be  a  poor  circuit  or  contact  because  of  cor- 
roded battery  terminals.  If  the  starting  motor  rotates  but  does 
not  crank  the  engine,  it  is  a  sign  that  the  overrunning  clutch  does 
not  work  properly  or  that  the  starter  pinion  is  not  properly  meshed 
with  the  flywheel  gear. 

If  the  lamps  will  not  light  but  the  starter  cranks  the  engine, 
this  shows  that  the  storage  battery  is  in  proper  condition  and  that 
the  trouble  is  due  to  burned  out  or  broken  lamp  filament  or  de- 
fective lamp  fuses.  If  the  lamps  burn  brightly  but  fail  to  illumi- 
nate the  road  sufficiently,  the  bulbs  may  be  out  of  focus  in  respect 
to  the  parabolic  reflector  of  the  lamp  or  the  lamp  supports  may  be 
bent  in  such  a  way  that  the  rays  of  light  may  be  directed  too  far 
upwards.  If  the  lamps  burn  dimly  or  not  at  all  and  it  is  difficult 
to  crank  the  engine  with  the  starting  motor,  this  means  a  weak  or 
discharged  storage  battery.  In  addition  to  this,  the  lamps  may  be 
old  and  have  blackened  insides,  the  system  might  be  slightly  short 
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circuited,  or  considerable  resistance  may  be  present,  due  to  loose  or 
dirty  connections.  If  the  lamps  blacken  or  burn  out  quickly  they 
are  not  of  the  proper  quality  if  they  are  six  volt  lamps,  and  not  of 
the  proper  voltage  if  other  than  six  volt  lamps.  There  is  one  ex- 
ception to  this  rule,  and  that  is  the  bulbs  of  the  tail  lamp  and  dash 
light,  ^which  are  three  volt  lamps  when  these  two  are  wired  together 
in  series.  Burning  out  of  the  lamps  may  be  caused  by  the  regula- 
tor not  working  properly,  and  if  this  is  the  case  the  lamps  will 
burn  out  at  high  engine  speed.  If  the  lamps  flicker  and  the  am- 
meter or  indicator  needle  is  unsteady,  look  for  loose  connections  in 
the  light  wires,  loose  connections  between  battery  and  dynamo, 
loose  contact  at  a  lamp  connector  or  lamp  bulb,  poor  contact  be- 
tween fuses  and  fuse  clips,  or  an  exposed  wire  touching  the  frame 
intermittently. 

If  one  suspects  that  the  battery  is  discharged,  its  condition  may 
be  readily  determined  by  using  the  test  lamp,  shown  at  C,  Fig. 
201.  The  test  lamp  may  also  be  used  for  locating  short  circuits 
or  open  circuits.  It  is  well  to  bear  in  mind  that  the  lead  terminals 
of  the  battery  should  be  scraped  clean  and  bright  at  the  point  where 
the  test  lamp  wires  bear  in  order  to  insure  a  good  clean  contact. 
If  the  test  lamp  burns  brightly  it  shows  that  there  is  current  in 
the  storage  battery.  To  locate  a  short  circuit  the  fuses  are  re- 
moved from  the  rear  of  the  switch  and  the  wire  is  disconnected 
from  the  negative  battery  terminal.  Connect  one  of  the  test  lamp 
terminals  to  the  free  battery  terminal  and  touch  the  other  test  lamp 
wire  to  the  frame  of  the  car.  The  test  lamp  should  light  if  good 
contact  is  made,  this  indicating  that  the  positive  battery  terminal  is 
properly  connected  to  the  ground.  Keep  one  test  lamp  wire  in 
contact  with  the  negative  terminal  and  touch  the  other  wire  to  the 
end  of  the  battery  wire  just  disconnected.  If  the  test  lamp  lights 
it  shows  that  a  conductor  or  wire  connected  to  the  battery,  lamps, 
horn  or  starting  motor  is  in  contact  with  or  grounded  to  the  frame 
of  the  car. 

Any  wires  having  injured  insulation  should  be  wrapped  with 
electrical  tape  to  prevent  metallic  contact  between  the  conductor 
and  the  frame.  Open  circuits  are  best  indicated  by  feeling  of  the 
wires  where  they  fasten  to  the  terminals  to  make  sure  that  posi- 
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tive  contact  is  made  and  that  the  terminal  binding  nuts  are  not 
loose.  Short  circuits  may  also  be  located  if  no  test  lamp  is  avail- 
able by  following  the  various  wires,  and  if  any  of  these  are  found  in 
contact  with  the  frame  it  is  a  wise  precaution  to  pull  them  away 
and  to  wrap  the  section  that  was  in  contact  with  the  frame  thor- 
oughly with  insulating  tape.  If  one  lamp  flickers  and  the  rest ' 
burn  brightly,  look  for  a  poor  connection  between  the  lamp  and  the 
lamp  connector,  a  loose  terminal  at  the  junction  switch  or  a  defec- 
tive fuse.  If  all  lamps  flicker,  look  for  loose  connections  in  wiring 
between  battery  and  junction  switch.  When  lamp  bulbs  have  been 
renewed  in  head  lights  it  is  sometimes  necessary  to  refocus  the 
lamps.  Head  lights  should  not  exceed  15  candle  power,  and  should 
always  be  of  the  high  eflSciency  filament  type.  Cheap  carbon  fila- 
ment lamps  will  not  only  consume  undue  current  but  will  not  prove 
enduring.    Tungsten  filament  lamps  are  best. 

Faults  in  Motors  and  Oenerators. — ^While  every  effort  has  been 
made  by  the  manufacturers  of  electric  starting  and  lighting  sys- 
tems to  have  the  various  units  function  as  nearly  automatically  as 
possible,  it  will  be  evident  that  some  attention  will  be  needed  by 
the  various  units.  The  generator  should  be  looked  over  from  time 
to  time  and  should  any  carbon  dust  be  worn  from  the  brushes  by 
the  commutator  and  deposited  in  the  lower  part  of  the  casing  it 
should  be  blown  out  with  compressed  air.  It  is  stated  that  an  ac- 
cumulation of  this  dust  may  result  in  a  ground  to  the  generator 
case  or  produce  a  short  circuit  between  the  brush  carrier  and  case. 
If  the  commutator  is  blackened  or  rough  it  must  be  smoothed  down 
with  fine  sandpaper  while  the  armature  is  rotating.  Never  use 
emery  cloth  for  this  purpose.  After  smoothing  down  the  commu- 
tator remove  all  particles  of  metal  which  may  bridge  across  be- 
tween the  copper  segments.  The  insulating  material  between  the 
commutator  segments  should  not  be  higher  than  the  surfaces  of 
the  segment,  and  if  any  of  it  projects  it  must  be  filed  down  slightly 
lower  than  the  copper  pieces  by  using  a  small  file  as  shown  at 
Fig.  264. 

The  brushes  are  the  part  of  the  generator  that  demand  the  most 
attention  and  to  which  most  of  the  troubles  in  devices  of  this  kind 
are  due.    They  should  be  examined  to  see  that  they  are  in  perfect 
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Tig.  262. — FaTts  of  North  East  IVIotor-Oeneiatoi  Field  AmvoMy. 

contact  with  the  commutator  and  that  they  do  not  stick  in  the 
bmsh  holders.  Any  dirt  or  grease  on  the  brush  assembly  should 
be  removed.  One  of  the  most  fertile  causes  of  poor  brush  contact 
with  tiie  commutator  is  on  account  of  insufBeient  spring  tension. 
"When  examining  the  brushes  care  should  be  taken  to  see  that  these 
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Tig.  263. — Components  of  }Torth  East  Motor-Geneiator  Aimatnre  Assembly. 


are  maintained  positively  in  contact  with  the  copper  segments. 
Care  should  be  tafeen  not  to  have  the  spring  pressure  too  great,  aa 
this  would  produce  rapid  depreciation  of  the  brushes  and  heating 


Care  of  Motors  and  Generators 


429 


of  the  commutator.  Brushes  that  have  worn  down  till  they  are 
short  must  be  replaced  with  new  ones.  When  replacing  brushes 
be  sure  that  they  fit  the  commutator  surface  exactly  over  the  whole 
area  of  the  end  of  the  brush,  and  in  all  cases  use  brushes  for  re- 
placement furnished  by  the  maker  of  the  generator.  In  some  gen- 
erators, shunt  connections,  which  are  called  ** pigtails,"  are  used  for 
connecting  the  brushes.    If  the  new  brushes  furnished  by  the  f ac- 
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tory  have  these  connections  attached  care  should  be  taken  to  make 
the  connection  exactly  the  same  as  on  the  old  brushes. 

It  is  imperative  that  the  commutator  be  kept  clean,  as  any  oil  or 
grease  on  the  segments  will  collect  carbon  dust  and  produce  short 
circuiting.  The  brush  holders  should  be*  entirely  insulated  from 
the  carrying  case,  and  if  any  of  the  insulating  bushings,  washers 
or  plates  are  found  defective  they  must  be  replaced  with  new  ones. 
Should  the  battery  or  generator  be  disconnected  for  any  reason, 
do  not  operate  engine  again  until  they  are  connected.    Never  run 
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fiber  tubing,  or  armored  cable  should  be  used.  AU  wires  should  be 
so  installed  that  there  is  no  danger  of  interference  between  them 
and  operating  rods  and  levers.  The  abrasion  of  these  members  will 
wear  through  the  insulation,  and  result  in  short  circuits.  Brass  or 
copper  terminal  connections  should  be  used  at  all  points  and  no 
connection  should  be  made  by  winding  the  strands  of  wire  around 
the  terminal.  One  or  more  of  the  strands  may  bridge  across  the 
terminal  or  to  some  metal  part  and  cause  a  short  circuit  or  ground. 
Special  care  should  be  taken  with  the  connections  in  the  lamps  and 
other  points.  By  the  term  ''short  circuit*'  electricians  mean  that 
two  wires  of  opposite  polarity  are  in  metallic  contact.  Under  such 
conditions  the  storage  battery  will  be  discharging  and  there  will 
be  no  lights  at  the  lamps.  A  short  circuit  may  occur  at  any  point 
in  the  wiring  system,  but  is  usually  found  at  terminals  that  have 
been  carelessly  made  or  by  worn  insulation  on  wires. 

The  connections  in  electric  wiring  should  be  soldered.  The  un- 
soldered connection  may  work  as  good  as  a  soldered  connection  at 
the  time  of  being  made,  but  the  resistance  always  increases.  Do 
not  use  acid  when  soldering  electrical  apparatus  or  wiring  as  the 
acid  is  an  electrical  conductor  and  destroys  insulation.  It  is  much 
better  to  use  a  non-corrosive  soldering  paste.  Do  not  use  friction 
tape  on  high  tension  wiring  or  on  other  wiring  where  the  grease 
or  oil  can  get  to  it.  It  is  much  better  to  use  linen  tape  and  shellac. 
Friction  tape  will  not  insulate  ignition  current  and  will  not  hold 
when  oily. 

A  short  circuit  (Fig.  266,  A)  will  be  indicated  by  the  position 
of  the  amperemeter  pointer.  Always  note  the  position  of  the  index 
hand  of  that  instrument  when  the  car  is  stopped.  With  the  engine 
at  a  standstill  and  no  lamps  burning  the  hand  should  point  to  zero. 
If  it  does  not  the  amperemeter  is  either  out  of  calibration  or  there  is 
a  leak  of  current  from  the  battery  at  some  point  in  the  wiring.  To 
ascertain  if  the  amperemeter  is  correct,  uncouple  one  of  the  battery 
terminals  of  the  lighting  system.  Obviously,  if  the  hand  swings  to 
zero,  the  trouble  is  leakage  of  current,  which  should  be  immediately 
corrected  after  the  trouble  is  located.  If  the  index  does  not  point 
to  zero  when  the  battery  terminal  is  disconnected,  the  instrument  is 
out  of  calibration,  and  while  this  does  not  aflfect  the  operation  of 
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the  system  it  should  be  taken  into  account  when  reading  the  am- 
peremeter. If  the  engine  backfires  when  the  ignition  is  interrupted 
and  it  makes  one  or  two  revolutions  in  the  reverse  direction,  the 
amperemeter  pointer  may  be  found  at  the  extreme  of  the  scale  on 
the  discharge  side.  This  is  caused  by  the  circuit  breaker  contact 
being  held  closed  and  means  a  short  circuit  of  the  battery  through 
the  generator  winding.  This  must  be  corrected  at  once  by  mo- 
mentarily disconnecting  one  of  the  generator  wires  or  starting  the 
engine.  If  the  wires  are  removed  from  the  generator  for  any  rea- 
son make  sure  that  they  are  connected  to  the  same  terminals  as 
they  were  originally.  If  the  wires  are  reversed  the  amperemeter 
will  indicate  a  dead  short  circuit  by  swinging  to  the  extreme  on 
the  discharge  side  of  the  scale  when  the  engine  is  started,  and  if  this 
defective  condition  is  not  corrected  the  battery  will  be  soon  dis- 
charged. In  case  of  a  short  circuit  examine  all  of  the  wires  con- 
nected to  the  battery  terminals  and  to  the  lighting  switch.  Make 
sure  that  the  insulation  is  perfect  and  that  it  has  not  been  cut 
through  at  any  point.  Whenever  any  wires  are  removed  from  any 
of  the  units  always  mark  the  terminals  and  the  wire  so  that  they 
will  be  replaced  exactly  as  they  were  originally.  If  a  short  circuit 
exists  when  all  the  switches  are  opened,  if  one  takes  off  a  battery 
terminal  and  makes  and  breaks  contact  between  the  wire  and  that 
member  a  small  spark  will  be  in  evidence.  If  no  sparking  occurs, 
connect  up  the  terminal  to  the  battery  and  then  with  the  engine 
at  a  standstill  close  the  switches  to  the  lighting  circuit  one  at  a 
time  and  watch  the  amperemeter  closely  as  each  switch  makes  con- 
tact. If  the  pointer  does  not  move  far  from  zero  it  shows  that  the 
current  consumption  is  normal ;  if,  however,  the  pointer  swings  to 
the  extreme  of  the  discharge  scale  it  is  evident  that  a  short  circuit 
exists  somewhere  in  the  circuit  just  brought  into  action.  All  the 
circuits  can  be  tried  in  this  manner  one  at  a  time.  If  the  ampere- 
meter indicates  only  a  normal  amount  of  current  consumption  for 
the  various  lighting  circuits  it  is  apparent  that  no  further  search 
is  necessary.  If,  however,  the  needle  indicates  a  short  circuit  on 
one  or  more  of  the  switch  positions,  examine  the  wires  carefully 
for  the  circuits  at  fault,  and  if  the  trouble  does  not  exist  there  it 
may  be  located  in  the  lamp  socket,  the  connector  or  the  bulb  itself. 
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In  case  one  or  more  lamps  fail  to  bum  the  trouble  is  due  to  either 
a  broken  wire  or  a  defective  connection  at  the  switch,  connectors  or 
lamp  sockets  or  a  bulb  or  fuse  is  burnt  out. 

Care  of  Lamps  and  Storage  Battery. — The  following  instruc- 
tions relative  to  the  care  of  the  lamps  and  storage  battery  of  the 
Auto-Lite  system  are  taken  from  an  instruction  book  prepared  by 
this  company  and  apply  to  similar  components  of  all  systems. 
Complete  directions  for  the  care  and  charging  of  storage  batteries 
are  given  in  the  preceding  chapter,  but  at  the  same  time  a  review 
of  the  important  points  to  keep  in  mind  in  connection  with  the 
maintenance  of  the  batteries  used  in  lighting  and  starting  systems 
will  prove  of  value  to  the  motorist  or  repairman  who  does  not 
desire  to  go  thoroughly  into  the  subject  of  storage  battery  charging 
or  maintenance. 

To  clean  head  and  side  lamp  reflectors,  remove  from  lamp  body 
and  carefully  blow  out  any  dust  which  may  have  collected  on  the 
reflecting  surfaces.  Then  dip  a  small  piece  of  absorbent  cotton  in 
alcohol  and  lightly  wipe  over  the  surface — always  from  the  back 
to  the  front.  To  focus  the  lamps,  open  the  swinging  front  of  the 
lamp  and  direct  the  light  upon  some  smooth  vertical  surface  at  a 
distance  of  about  ten  feet.  Loosen  the  adjusting  screw  on  the  slide 
at  the  rear  of  the  reflector,  and  move  the  bulb  and  socket  out  and 
in  until  all  rings  disappear  in  the  illuminated  area.  Then  tighten 
down  the  adjusting  screw  and  close  the  lamp.  Any  further  adjust- 
ment of  the  lamp  must  be  made  by  bending  the  arms  of  the  lamp 
bracket  with  a  heavy  wrench  until  the  light  from  each  lamp  strikes 
the  road  at  the  point  desired. 

Do  not  connect  additional  apparatus,  such  as  electrical  horns, 
cigar  lighters,  etc.,  to  the  system  without  taking  the  matter  up  with 
the  factory.  The  surplus  capacity  of  the  system  is  large,  but  there 
is  a  limit  to  the  amount  of  current  which  the  generator  can  pro- 
duce. Use  the  same  judgment  and  reason  in  the  operation  of  the 
electric  lights  on  a  car  as  you  do  those  in  your  home  or  garage. 
When  a  car  is  running  it  is  not  necessary  to  burn  all  the  lights,  the 
two  heads  and  the  tail  are  all  that  are  required  or  that  are  of  any 
service.  When  the  car  is  standing  at  night,  use  the  side  and  tail 
▼hts  only.    When  push  type  connectors  are  used,  if  halves  of  con- 
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nectors  are  loose  when  pushed  together,  the  contact  will  be  poor. 
Spread  the  connector  posts  slightly  so  that  they  will  slide  in  their 
sockets  snugly.  If  Ediswan  type  are  used,  and  plunger  springs  in 
connector  do  not  operate,  replace  the  connector  with  a  perfect  one. 

The  storage  battery  is  made  up  of  several  hard  rubber  cells  or 
containers  for  the  active  plates  and  liquid  electrolyte.  The  whole 
is  surrounded  by  a  wood  casing  for  mechanical  protection  and  ease 
in  handling.  Each  individual  cell  is  provided  with  a  screw  cap 
for  inspection  and  the  addition  of  electrolyte  or  distilled  water 
when  necessary  (See  Fig.  73  and  Fig.  74).  The  electrolyte 
must  at  all  times  cover  the  tops  of  the  plates  at  least  one-quarter 
inch.  InsuflScient  electrolyte  will  result  in  warped  or  buckled 
plates,  and  an  accumulation  of  sediment  at  the  bottom  of  the  cells. 
The  battery  will  be  ruined,  in  a  short  time  if  the  tops  of  the  plates 
are  not  kept  covered.  Each  ieell  must  be  inspected  at  least  once 
every  week  in  summer  and  once  every  two  weeks  in  winter.  All 
screw  caps  must  be  removed  and  distilled  water  added  to  each  cell 
to  make  up  for  the  natural  evaporation.  If  distilled  water  cannot 
be  had  use  clean  rain  water  which  has  not  come  in  contact  with 
metal  or  cement. 

Never  add  acid  to  the  cells  of  the  battery.  If  part  or  all  of  the 
electrolyte  has  been  lost  through  accidental  spilling  or  leakage  get 
full  instructions  and  advice  from  the  maker.  An  hydrometer,  ar- 
ranged with  a  rubber  bulb  to  draw  a  portion  of  the  electrolyte 
from  each  cell,  furnishes  the  best  indication  of  the  condition  6i  the 
battery.  The  hydrometer  shows  the  specific  gravity  of  the  elec- 
trolyte, which  for  a  fully  charged  cell  should  be  1280  on  a  specific 
gravity  scale.  If  the  car  is  out  of  service  for  a  considerable  length 
of  time,  as  when  laid  up  for  the  winter,  it  is  necessary  to  charge 
the  battery  at  regular  intervals.  This  may  be  done  by  running  the 
engine  at  a  car  speed  of  twenty  miles  per  hour  for  at  least  one 
hour  every  two  weeks.  If  the  car  is  to  be  stored,  and  it  is  not  con- 
venient to  charge  as  above,  the  battery  should  be  removed  from 
the  car  and  place^d  in  a  reliable  garage  to  be  properly  taken  care  of. 

If  your  battery  is  arranged  with  terminal  posts  for  the  wiring 

connections  these  must  be  examined  occasionally  to  see  that  they 

""     ^e  clean  and  free  from  sulphate.    The  thorough  application  of  a 

11  amount  of  vaseline  at  the  metal  connections  to  the  battery 
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posts  will  prevent  sulphating  and  consequent  corrosion  and  poor 
electrical  contact  at  these  points.  If  the  electrolyte  leaks  from  the 
joints,  bottom,  or  wood  sides  of  the  battery  case,  one  or  more  of 
the  hard  rubber  cells  are  cracked  or  broken.  The  battery  must  be 
returned  to  the  factory  for  repairs  or  replacement.  The  metal  bat- 
tery box  must  be  thoroughly  wiped  out  with  a  cloth  saturated  with 
ammonia  to  neutralize  the  acid  and  prevent  corrosion.  The  top 
of  the  battery  must  be  kept  clean  and  dry  to  prevent  a  leakage  of 
current  between  the  terminals.  See  that  the  battery  is  held  se- 
curely in  its  metal  box  or  other  container.  If  necessary  pack 
tightly  with  waste  to  prevent  the  battery  shaking  about  from  jolt- 
ing of  the  car.  Tools,  other  metal  articles,  or  anything  of  value 
should  not  be  placed  near  the  battery  as  the  acid  fumes  will  cor- 
rode and  destroy  metal,  cloth  and  like  material.  Make  certain  that 
the  battery  terminals  cannot  touch  the  cover  of  the  metal  battery 
box.  A  thin  sheet  of  wood  fiber  fitted  inside  the  cover  of  the  bat- 
tery box  will  prevent  short  circuits  or  grounds  from  this  cause. 
It  must  be  remembered  that  the  efficiency  of  any  storage  battery 
decreases  with  drop  in  temperature  and  it  is  only  about  50  per  cent, 
efficient  at  zero  temperature.  For  this  reason  the  demand  for  cur- 
rent should  be  kept  as  low  as  possible  in  cold  weather  and  lamps 
turned  off  when  not  needed. 

The  user  of  any  electrical  starting  and  lighting  system  will 
avoid  trouble  and  expense  by  the  observation  of  the  following 
instructions : 

Don't  replace  worn-out  brushes  with  any  others  than  those  sup- 
plied by  the  manufacturer. 

Don't  put  oil  or  grease  on  the  commutator  of  the  generator  or 
motor.    No  lubrication  is  wanted  there. 

Don't  turn  the  hose  on  the  generator  or  motor  when  washing 
your  car. 

Don't  tighten  up  on  the  silent  chain  drive  unless  the  slack  be- 
comes excessive  from  stretching.  The  chain  must  be  run  with  a 
reasonable  amount  of  slack  to  prevent  noise  and  wear. 

Don't  fail  to  lubricate  the  silent  chain  drive  at  frequent  inter-* 
vals.  Noise  will  be  eliminated  and  wear  reduced.  Keep  the  chain 
and  sprockets  clean,  and  free  from  dirt  and  gravel. 
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Don't  run  your  car,  if  for  any  reason  the  battery  is  discon- 
nected from  the  circuit,  unless  you  have  disconnected  the  chain 
driving  the  generator,  or  the  generator  itself  has  been  removed. 

DonH  attempt  to  propel  car  with  starter.  Such  ** stunts^*  are 
interesting,  but  expensive.    Gasoline  is  for  that  purpose. 

Don't  attempt  to  make  adjustment's  of  any  kind  in  the  circuit 
breaker. 

Don't  fuss  with  the  system  when  it  is  operating  properly. 

Hints  For  Locating  Delco  Trouble. — 1.  If  starter,  lights  and 
horn  all  fail,  the  trouble  is  in  the  storage  battery  or  its  connections, 
such  as  a  loose  or  corroded  connection  or  a  broken  battery  jar. 
2.  If  the  lights,  horn  and  ignition  are  all  0.  K.,  but  the  starter 
fails  to  crank  the  trouble  is  in  the  motor  generator,  such  as  dirt  or 
grease  on  the  motor  commutator,  or  the  motor  brush  not  dropping 
on  the  commutator.  3.  If  the  starter  fails  to  crank  or  cranks  very 
slowly,  and  the  lights  go  out  or  get  very  dim  while  cranking,  it 
indicates  a  loose  or  corroded  connection  on  the  storage  battery,  or 
a  nearly  depleted  storage  battery.  4.  If  the  motor  fires  properly  on 
the  *'M''  button,  but  not  on  the  **B''  button,  the  trouble  must  be  in 
the  wiring  between  the  dry  cells  or  the  wires  leading  from  the  dry 
cells  to  the  combination  switch,  or  depleted  dry  cells.  If  the  igni- 
tion works  0.  K.  on  the  *'B"  button  and  not  on  the  *'M"  button, 
the  trouble  must  be  in  the  leads  running  from  the  storage  battery 
to  the  motor  generator,  or  the  lead  running  from  the  rear  terminal 
on  the  generator  to  the  combination  switch,  or  in  the  storage  battery 
itself,  or  its  connection  to  the  frame  of  the  car.  5.  If  both  systems 
of  ignition  fail,  and  the  supply  of  current  from  both  the  storage 
battery  and  dry  cells  is  O.  K.,  the  trouble  must  be  in  the  coil, 
resistance  unit,  timer  contacts  or  condenser.  This  is  apparent  from 
the  fact  that  these  work  in  the  same  capacity  for  each  system  of 
ignition. 

Never  run  the  car  with  the  storage  battery  disconnected,  or 
while  it  is  off  the  car.  Very  serious  damage  to  the  motor-generator 
may  result  from  such  action. 

Never  remove  any  electrical  apparatus  from  the  car  or  make 
any  adjustments  without  first  disconnecting  the  storage  haitery. 
This  can  be  done  most  conveniently  by  removing  the  ground  con- 
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nection.    Remember,  a  loose,  corroded  or  dirty  connection  on  the 
battery  can  put  both  starting  and  lighting  systems  out  of  commis- 


sion. 


The  description  of  the  special  volt-ammeter  shown  at  Fig.  269, 
and  the  methods  of  using  it  in  looking  for  derangements  in  the 
Delco-motor  generator  are  reproduced  from  the  1916  Delco-Buick 
instruction  book  to  insure  accuracy  in  describing  these  tests.    Too 
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Fig.  269. — Interior  Wiring  Arrangement  of  Special  Volt-Ammeter,  an 
Important  Adjunct  to  the  Testing  Equipment  of  the  Delco  System 
Bepairman. 


often  the  mechanic  is  handicapped  by  not  having  the  proper  tools 
to  work  with.  No  mechanic  would  attempt  to  overhaul  an  engine 
with  the  tools  included  in  the  car  equipment,  neither  should  he 
expect  to  make  all  of  the  practical  tests  on  the  electrical  system 
without  some  additional  equipment. 

A  voltmeter  and  an  ammeter  or  a  combination  volt-ammeter 
is  the  one  most  important  instrument  that  the  mechanic  can  use 
in  this  work,  and  in  order  to  explain  the  action  of  such  a  meter, 
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(Fig.  269)  is  included.  This  shows  the  internal  circuits  of  such  a 
meter  with  full  scale  readings  of  30  Ampere,  3  Ampere,  15  Volts. 
The  meter  proper  consists  of  a  permanent  magnet  *'M"  between 
the  poles  of  which  is  mounted  a  movable  coil  **K''  which  carries 
the  pointer.  This  part  of  the  meter  is  very  sensitive  and  carries 
only  a  small  amount  of  current.  In  the  average  meter  with  the 
scale  readings  as  given  the  current  in  the  different  parts  would 
be  approximately  as  follows:  With  the  meter  connected  to  give 
a  full  scale  reading  of  30  amperes  (connect  the  lines  to  the  terminal 
marked  -\-  and  to  the  one  marked  **30-A")  the  current  would 
divide  at  the  +  terminal,  the  main  part  of  which  flows  to  the 
terminal  marked  **30-A"  29%o  amperes  flowing  in  this  circuit 
and  %o  ampere  flowing  through  the  coil  to  terminal  3-A  through 
the  shunt  to  30-A  terminal.  The  %o  ampere  through  the  movable 
coil  is  the  amount  required  to  give  a  full  scale  reading  of  the 
pointer. 

When  the  3  ampere  scale  is  used  the  current  divides  at  the  -j- 
terminal  and  2%o  amperes  flows  through  both  shunts  to  3-A  ter- 
minal and  %o  ampere  through  the  coil  as  before.  The  difference 
in  the  proportions  of  the  total  current  that  flows  through  each 
circuit  from  the  amount  that  flows  through  each  circuit  in  the 
former  case  is  due  to  the  resistance  of  the  3-A  shunt.  When  the 
instrument  is  used  as  a  voltmeter  connections  are  made  to  the  posi- 
tive terminal  and  the  terminal  marked  ''15  V  and  the  button  must 
be  pressed.  This  cuts  out  the  shunts  and  connects  in  series  the 
high  resistance.  This  is  a  very  high  resistance  and  when  the  full 
voltage  reading  is  taken  there  is  %o  of  an  ampere  flowing  through 
the  high  resistance  and  the  movable  coil,  which  is  the  same  amount 
of  current  that  flows  in  it  when  it  is  used  as  an  ammeter  and  it 
gives  a  full  scale  deflection. 

The  important  points  to  remember  when  using  an  instrument 
of  this  kind  are  as  follows :  1.  Do  not  test  the  storage  battery  with 
an  ammeter  as  dry  batteries  are  tested.  (This  will  positively  ruin 
the  meter.)  2.  In  taking  an  ammeter  reading  in  the  circuit  where 
the  approximate  flow  of  current  is  not  known,  always  use  the 
highest  scale  on  the  meter  and  make  thf5  connection  where  it  can 
be  quickly  disconnected  in  the  event  of  a  high  reading.   3.   If  the 
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meter  reads  backwards  reverse  the  wires  to  the  meter  terminals. 
The  meter  will  not  be  damaged  by  passing  a  current  through  it 
in  the  reverse  direction  as  long  as  the  amount  of  the  current  is  not 
over  the  capacity  of  the  meter.  4.  No  damage  will  be  done  by 
connecting  a  voltmeter  as  an  ammeter  so  long  as  the  voltage  of 
the  system  is  not  above  the  range  of  the  voltmeter,  but  the  am- 
meter diould  not  be  used  as  a  voltmeter.  5.  A  high-class  instru- 
ment of  this  type  will  stand  a  momentary  overload  of  from  200 
to  400%.    If  the  user  is  careful  not  to  make  his  connections  per- 
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Fig.  270. — ^Wiring  Diagram  Showing  Methods  of  Connecting  Lamp  and 

Test  Points  in  Lighting  Circuit. 

manently  until  the  current  is  normal,  he  will  very  seldom  injure 
the  instrument. 

Next  to  the  combination  volt-ammeter  the  most  important  test- 
ing arrangement  for  the  mechanic  is  a  set  of  test  points  to  use 
in  connection  with  the  electric  light  circuit.  This  is  very  easily 
made  as  shown  at  Pig.  270  by  tapping  one  wire  of  an  ordinary 
extension  lamp,  splicing  the  wires  on  to  which  are  attached  suit- 
able points  with  insulated  handles  in  order  that  these  may  be 
handled  with  no  danger  of  electrical  shock.  With  a  set  of  test 
points  as  described  the  lamp  will  bum  when  the  test  points  are 
together  or  when  there  is  an  electrical  connection  between  the 
points.     This  will  give  more  satisfactory  results  for  testing  for 


446        Starting,  Lighting  and  Ignition  Systems 

grounds,  leaks  or  open  connections  than  will  a  bell  or  buzzer  used 
with  dry  batteries,  as  the  voltage  is  higher  and  it  requires  a  small 
amount  of  current  to  operate  the  lamp.  With  a  bell  or  buzzer,  a 
ground  or  open  connection  may  exist,  but  the  resistance  is  so  high 
that  enough  current  will  not  be  forced  through  it  by  the  dry 
batteries  to  operate  the  bell  or  buzzer.  No  harm  can  be  done  to 
any  part  of  the  Delco  or  other  apparatus  by  tests  points  as  de- 
scribed above,  when  the  ordinary  carbon  or  tungsten  lamp  is  used 
in  testing  purposes. 

Indications  of  Delco  Oenerator  Troubles. — If  there  is  any 
derangement  of  the  interior  wiring  of  the  Delco  motor-generator 
unit,  these  defects  will  be  made  apparent  by:  1st,  failure  to  turn 
over  at  uniform  speed  when  starter  button  is  pushed  down;  2nd, 
blackening  and  burning  of  the  generator  commutator  or  excessive 
sparking;  3rd,  failure  to  keep  battery  charged;  4th,  slow  crank- 
ing, even  with  a  well  charged  battery;  5th,  vibration  of  cut-out 
relay;  6th,  excessive  heating  of  generator.  If  any  of  the  above 
indications  exist  the  first  step  is  to  go  over  all  connections  and 
make  sure  if  these  are  made  correctly  in  accordance  with  the  wir- 
ing diagram  furnished  with  the  car.  Examine  the  commutator  to 
see  if  it  has  the  same  appearance  at  all  points  on  its  periphery  or 
whether  some  of  the  segments  are  burnt  more  than  others.  See 
if  the  armature  will  revolve  at  a  uniform  speed  when  the  starter 
button  is  depressed.  If  the  commutator  is  burnt  black  on  two  or 
more  adjacent  segments  and  it  does  not  revolve  uniformly  or  evenly 
when  the  starter  button  is  pushed  down,  this  will  indicate  that 
a  short  circuit  exists  in  ona  or  more  of  the  armature  coils  which 
entirely  eliminates  the  action  of  the  winding,  so  that  the  armature 
will  revolve  only  for  a  fraction  of  a  revolution.  It  will  usually 
cause  the  relay  to  vibrate  when  the  generator  is  being  driven  by 
the  engine.  If  an  amperemeter  is  used  in  the  circuit,  the  pointer 
of  this  will  swing  back  and  forth  at  each  revolution  both  when 
the  engine  is  turning  the  generator  over  and  when  the  current 
from  the  storage  battery  is  employed  for  the  same  purpose.  While 
a  short  or  open  circuited  winding  is  an  extremely  rare  occurrence 
it  may  be  well  to  detail  the  method  of  testing  to  see  if  any  grounds 
or  short  circuits  exist  in  the  armature  winding. 
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Testing  for  Defective  Windings.— In  order  to  make  this  test 
intelligently  it  is  advisable  to  use  a  110  volt  circuit  which  includes 
a  16  candle  power  carbon  filament  lamp  wired  in  series  and  a 
pair  of  test  points  as  previously  described.  Each  end  of  the  wire 
is  soldered  to  an  insulated  contact  point  composed  of  a  piece  of 
brass  or  copper  rod  having  a  tapered  point  attached  to  an  in- 
sulating handle  of  fiber  or  other  non-conductor.  The  test  may  be 
made  with  the  generator  in  place  on  the  car,  if  it  is  accessibly 
placed  or  the  device  may  be  removed  from  the  chassis.  If  the  arma- 
ture is  in  place  insulate  all  brushes  from  the  commutator  by  plac- 
ing sheets  of  waxed  paper  between  them.  Then  with  the  test  points 
test  for  a  ground  from  each  commutator  segment  to  the  frame  or 
armature  shaft  as  shown  at  A,  Fig.  271.  Obviously,  if  a  short  cir- 
cuit exists  between  any  wire  and  the  ground  this  will  complete  the 
circuit  and  cause  the  lamp  to  light.  Next  with  the  brushes  and 
commutator  bars  still  insulated  as  in  the  first  test  make  a  trial  for  a 
'^short''  including  the  armature  and  generator  windings  holding  one 
test  point  on  the  segment  of  the  motor  commutator  and  the  other 
on  one  of  the  segments  of  the  generator  commutator.  The  lamp 
should  not  light  during  this  test,  if  it  does  it  indicates  a  short 
circuit  between  the  two  windings.  The  first  test  indicates  a  short 
circuit  between  one  of  the  windings  and  the  metal  representing 
the  ground,  in  this  case  the  armature  core  and  shaft. 

It  may  be  well  at  this  point  to  outline  the  difference  between 
a  short  circuit  and  an  open  circuit.  Both  of  these  are  clearly 
shown  at  Fig.  266.  At  A,  what  is  technically  known  as  a  short  cir- 
cuit is  depicted.  It  will  be  observed  here  that  the  insulation  is 
worn  off  of  one  of  the  wires  and  that  the  conductor  is  rubbing  on 
^  the  metal  frame.  The  positive  terminal  of  the  battery  is  attached 
to  the  metal  frame  and  the  negative  terminal  of  the  battery  goes 
to  the  current  consuming  unit,  in  this  case  an  incandescent  lamp. 
It  will  be  apparent  that  with  the  bare  wire  in  contact  with  the 
frame  that  the  current  will  follow  the  course  indicated  by  the 
arrows  and  will  return  to  the  storage  battery  through  the  ground 
connection  with  the  bare  or  grounded  wire.  In  this  case  no  cur- 
rent can  flow  through  the  current  consuming  unit.  Owing  to  the 
low  resistance  of  the  circuit  a  large  amount  of  current  will  pass 
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through  and  the  battery  capacity  will  be  quickly  depleted.  The 
same  condition  may  exist  in  the  windings  of  the  generator,  and  if 
a  short  circuit  is  present  the  current  produced  by  the  rotation  of 
the  windings  will  not  flow  through  the  external  circuit,  but  will 
take  the  shortest  way  to  the  ground.  A  complete  open  circuit,  as 
indicated  at  B,  permits  absolutely  no  current  to  reach  the  lamp. 
This  is  because  of  a  positive  break  in  the  conductor,  which  may  be 
produced  because  of  a  loose  connection  or  a  broken  wire.  When 
there  is  a  short  circuit,  as  shown  at  A,  some  of  the  current  may 
reach  the  lamp  filament  and  cause  it  to  burn  dimly. 

The  location  of  a  fault  in  a  double-function  (two  commutator) 
armature  is  more  difficult  than  finding  trouble  in  a  single-func- 
tion armature,  because  more  things  can  happen.  The  method  of 
testing  for  grounds  and  shorts  has  been  described.  The  symptoms 
and  the  troubles  they  indicate  in  the  windings  are  summarized 
as  follows  under  the  heading  of  the  defective  conditions: 

Shorted  Generator  Coil, — Charging  rate  low;  meter  vibrates 
when  motoring  the  generator,  or  possibly  the  generator  will  only 
turn  for  a  part  of  a  revolution;  meter  vibrates  when  engine  is 
running  at  low  speeds;  two  or  more  adjacent  commutator  bars 
bum  and  blacken;  cranking  is  slower  than  normal,  but  if  only 
one  coil  is  shorted  this  latter  will  not  be  noticed. 

Grounded  Generator  Coil, — This  will  very  seriously  affect  the 
cranking,  causing  it  to  be  slow,  and  will  soon  discharge  the  bat- 
tery with  practically  no  charge  from  the  generator;  will  cause 
burning  of  the  commutator  bars ;  is  tested  by  insulating  all  brushes 
from  the  commutator  and  testing  with  the  test  points  from  the 
generator  commutator  to  the  frame  of  the  machine.  If  grounded 
the  test  light  will  bum. 

Open  Generator  Coil, — Charging  rate  is  low;  meter  vibrates 
when  motoring  the  generator,  and  when  running  at  low  speeds, 
the  same  as  with  the  shorted  generator  coil ;  severe  sparking  at  the 
generator  brushes  when  the  engine  is  running  which  causes  serious 
burning  at  one  commutator  bar.    This  will  not  affect  the  cranking. 

Grounded  Motor  Winding. — This  will  rapidly  discharge  the 
storage  battery ;  is  tested  by  insulating  the  motor  brushes  from  the 
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commutator  and  test  with  the  test  points  from  the  motor  commu- 
tator to  the  frame.  The  light  will  burn  if  the  winding  is  grounded. 
If  the  cut-out  relay  points  stick,  the  generator  armature  will 
continue  to  revolve  even  when  the  engine  is  stopped.  Smooth  the 
contacts  by  drawing  a  piece  of  very  fine  emery  cloth  between  them, 
and  be  sure  that  the  pivot  bearings  are  free.    This  will  usually  cure 
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Fig.  271. — ^Diagram  Showing  Method  of  Testing  Annature  Winding  with 

Test  Points  for  Qrounds  or  Short  Circuits. 

the  trouble,  although  a  sticking  roller  driving  clutch  at  the  forward 
end  of  the  generator  may  cause  a  flow  of  sufficient  current  through 
the  relay  to  give  a  similar  result.  The  adjustment  of  the  spring 
tension  of*  the  cutout  relay  should  never  be  made  without  connect- 
ing a  volt  meter  between  the  proper  terminal  on  the  cutout  relay 
and  the  ground.    Start  the  engine  and  gradually  increase  its  speed. 
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and  if  the  spring  tension  is  properly  set  the  relay  contacts  will 
close  when  the  meter  indicates  seven  volts.  If  the  relay  does  not 
close  the  contact  at  seven  volts,  adjust  the  spring  tension,  which 
may  be  done  by  bending  the  arm  at  the  top  to  which  the  spring  is 
attached,  using  a  small  pair  of  pliers  for  this  operation. 

If  there  is  any  trouble  in  the  voltage  regulator  the  generator 
will  not  turn  when  the  starter  button  is  pressed,  and  the  gener- 
ator will  not  generate  current.  To  test  out  the  voltage  regulator 
depress  the  starter  button,  and  if  there  is  sufficient  current  in  the 
battery  and  no  broken  wires  and  the  armature  does  not  revolve, 
remove  the  connection  to  the  bottom  terminal  and  voltage  regu- 
lator and  connect  it  to  the  terminal  above.  The  armature  will 
now  revolve  when  the  starter  button  is  depressed.  In  order  to 
make  repairs  replace  the  regulator  tube  complete.  This  can  be 
checked  out  in  another  way.  When  the  engine  is  running  at  nor- 
mal speed,  see  if  the  cutout  remains  open.  If  it  does  this  will 
indicate  a  burnt  out  voltage  regulator  resistance.  If  the  resistance 
is  burnt  out  when  the  lead  connecting  with  the  binding  post  at  the 
bottom  of  the  tube  is  moved  to  the  upper  connection  the  cutout 
will  immediately  be  drawn  closed  and  the  generator  will  start  to 
charge  the  battery.  The  voltage  regulator  is  not  used  on  all 
Delco  systems,  as  the  third  brush  system  of  regulation  is  used  on 
some  cars.  The  voltage  regulator  system  is  used  on  the  1914 
Cadillac,  as  shown  in  wiring  diagram  in  preceding  chapter,  and 
also  in  the  Cole  and  Moon  cars  for  the  same  year.  A  voltage 
regulator  is  found  on  the  1914  Hudson  Six-54,  on  the  1914  Oak- 
land, Models  43,  48  and  62,  on  the  1914  Oldsmobile,  Model  Six-54 ; 
the  1915  Oldsmobile  Six-55.  On  the  1915  Buick,  Cole,  Hudson, 
Moon,  Patterson,  and  Oakland  cars  the  third  Brush  System  of 
regulation  is  used,  and  is  practically  the  system  in  .general  use  on 
1916  cars  because  it  is  a  simpler  system  than  that  using  the  voltage 
regulator. 

Ammeter  Reading  When  Motoring  Generator, — During  the  mo- 
toring of  the  generator  the  pole  pieces  are  magnetized  by  the  cur- 
rent through  the  shunt  field  winding.  The  armature  is  magnetized 
by  the  current  through  the  brushes  and  generator  winding  on  the 
armature.    It  is  necessary  that  current  flow  through  both  of  these 
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circuits  before  the  armature  will  revolve.  It  is  a  familiar  mistake 
to  think  that  when  current  is  passing  only  through  the  armature 
the  armature  should  revolve.  The  shunt  field  current  can  be 
easily  checked  by  disconnecting  the  shunt  field  lead  from  the 
generator  at  the  ignition  coil  terminal.  The  ammeter  in  this  line 
should  indicate  approximately  1^  amperes  when  the  ignition  button 
is  pulled  out.  The  ammeter  on  the  combination,  switch  can  be  de- 
pended upon  to  determine  the  amount  of  current  flowing  through 
the  generator  winding  during  this  operation.  Both  the  ignition 
current  and  the  shunt  field  current  flow  through  this  meter  in  addi- 
tion to  the  current  through  the  generator  armature.  The  timing 
contacts  should  be  open.  This  will  cut  off  the  ignition  current  and 
leave  only  the  armature  and  shunt  field  current.  Since  the  shunt 
field  current  is  only  1%  amperes  the  reading  of  the  ammeter  will 
readily  indicate  whether  or  not  current  is  flowing  through  the 
generator  armature  winding. 

Should  it  be  found  that  the  current  through  both  the  armature 
and  the  shunt  field  windings  is  normal  and  the  armature  still  does 
not  revolve  the  trouble  may  be  caused  by  either  (1)  th§  armature 
being  tight  mechanically,  due  to  either  a  sticking  driving  clutch, 
trouble  in  the  bearings  or  foreign  particles  jammed  between  the 
armature  and  pole  pieces.  This  can  be  readily  tested  by  removing 
the  front  end  cover  of  the  generator  and  turning  the  armature 
from  the  commutator;  (2)  the  shunt  field  winding  or  the  gener- 
ator armature  winding  may  be  defective  in  some  manner,  such 
as  shorted,  grounded,  or  connected  to  the  motor  winding.  Any 
one  of  these  would  show  an  abnormal  reading  of  the  ammeter  in 
some  position  of  the  armature  when  the  armature  is  revolved  by 
hand.  If  the  ammeter  vibrates  at  each  revolution  of  the  armature 
during  the  motoring  of  the  generator,  and  when  the  engine  is  run- 
ning at  low  speeds,  this  is  very  conclusive  proof  that  the  armature 
has  either  a  ground,  open  coil,  shorted  coil,  or  is  connected  to  the 
motor  winding. 

If  the  motor  fails  to  turn  the  engine  when  the  battery  shows 
that  it  is  properly  charged  either  by  specific  gravity  or  meter 
reading  turn  on  the  head  lights  and  then  operate  the  starting 
lever.    If  the  lights  go  out,  this  indicates  either  a  bad  cell  in  the 
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storage  battery  or  a  poor  connection  either  in  the  plate  connectors 
in  the  battery  itself  or  at  either  end  of  the  large  cable  leading 
from  the  battery  to  the  generator.  If  the  light  burns  brightly, 
but  the  motor  makes  no  effort  to  turn  over  the  engine,  the  trouble 
may  be  caused  either  by  poor  contact  between  the  motor  brushes 
and  the  commutator  due  to  the  accumulation  of  dirt  and  grease 
or  improper  spring  tension  against  the  motor  brushes.  If  either 
of  these  conditions  exist,  pressing  the  brushes  more  firmly  against 
the  commutator  will  usually  result  in  the  armature  revolving, 
proving  that  the  defects  enumerated  exist. 

Voltmeter  Test  If  Cranking  Action  is  Weak. — This  cranking 
current  is  a  heavy  discharge  on  the  storage  battery,  the  average 
car  requiring  approximately  %  horse  power  to  perform  the  crank- 
ing operation.  Nine-tenths  of  all  cranking  failures  is  due  either 
to  the  storage  battery  or  poor  connections  in  the  cranking  circuit. 
The  first  rush  of  current  from  the  storage  battery  during  the 
cranking  operation  varies  from  200  to  600  amperes,  depending  upon 
the  condition  of  the  engine  and  the  storage  battery.  This  is  only 
a  momentary  flow  of  current,  but  a  poor  connection  prevents  this 
heavy  flow  of  current  and  prevents  the  starter  from  breaking  the 
engine  loose.  This  heavy  discharge  will  naturally  cause  the  voltage 
of  the  battery  to  be  decreased,  and  the  amount  that  it  is  decreased 
depends  to  a  great  extent  upon  the  condition  of  the  charge  of  the 
battery.  On  a  storage  battery  which  is  charged  so  that  its  specific 
gravity  registers  1200  or  more  the  voltage  should  not  fall  below 
5  volts. 

The  voltmeter  is  the  instrument  to  use  to  quickly  locate  the 
cause  for  failure  to  crank.  The  starter  cannot  be  expected  to 
crank  the  engine  when  the  voltage  falls  below  3  or  4  volts.  There- 
fore, a  voltmeter  should  be  connected  to  the  heavy  terminal  on  the 
rear  of  the  generator  and  to  the  ground  and  the  starting  pedal 
depressed.  If  the  voltage  falls  below  4  volts  the  trouble  is  either 
a  nearly  discharged  battery  or  a  poor  connection,  or  possibly  a 
bad  cell  in  the  battery.  Any  one  of  these  can  be  quickly  located 
by  taking  individual  voltmeter  readings  of  the  different  cells  when 
the  starting  pedal  is  still  depressed.  If  the  individual  cells  show 
a  normal  voltage  when  the  starting  pedal  is  depressed  then  each 
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connection  in  the  cranking  circuit  should  be  bridged  by  the  volt- 
meter connections.  A  reading  of  the  voltmeter  will  indicate  the 
defective  connection. 

Should  the  voltmeter  indicate  a  normal  voltage  from  the  heavy 
terminal  on  the  rear  of  the  generator  to  the  ground  when  the 
starting  pedal  is  depressed  and  still  the  starting  motor  makes  no 
effort  to  crank  the  car,  trouble  must  exist  within  the  generator, 
such  as  the  motor  brush  not  coming  in  contact  with  the  motor 
commutator  or  dirt  or  grease  on  the  commutator  preventing  elec- 
trical contact.  This  could  also  be  caused  by  trouble  in  the  arma- 
ture windings,  but  is  very  improbable,  and  can  be  tested  as  de- 
scribed. « 

TROUBLES  IN  DYNETO  SYSTEM 

If  Dyneto  WUl  Not  Start 

Do  not  leave  the  switch  on  ** start."  Turn  on  lamps,  if  they 
bum  brightly,  try  starting  again  and  watch  lamps ;  if  they  do  not 
drop  at  all  in  candle  power,  it  is  quite  likely  that  there  is  an  open 
circuit  in  the  starting  wires,  switch  contacts,  terminals  or  brushes. 
Be  sure  that  the  brushes  are  not  worn  out,  are  free  in  the  holders, 
and  that  springs  are  in  condition  to  press  them  firmly  against 
commutator. 

If,  with  switch  on  ** START,''  lamps  drop  slightly  in  candle 
power,  and  the  Dyneto  does  not  start,  the  trouble  may  be  due  to 
loose  connections,  rough  or  dirty  commutator,  brushes  worn  out 
or  not  well  fitted  to  the  commutator,  weak  brush  springs,  grounded 
or  defective  armature  or  field  windings. 

//  Lamps  Burn  Very  Dimly  or  Not  at  All 

If  lamps  burn  very  dimly  or  not  at  all,  when  switch  is  moved 
to  '* START,"  the  battery  is  probably  discharged  or  defective. 
See  battery  instructions. 

If  Dyneto  Starts  But  Buns  Too  Slowly 

Look  for  high  resistance  in  main  circuits,  too  small  wire,  loose 
terminals,  bad  joints,  poor  switch  contacts,  rough  commutator, 
short  brushes  without  sufficient  spring  tension ;  also  look  for  weak 
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Fig.  272. — Diagram  Showing  Wiring  of  Dyneto-Entz  Starting  and  Light- 
ing System. 

battery,  partially  discharged,  possibly  due  to  grounds,  leaks,  un- 
necessary use  of  lights  when  engine  is  not  running  or  continuous 
cranking  when  motor  will  not  ''pick  up"  because  of  poor  car- 
buretion  or  ignition. 

//  Dyneto  Starts  But  Will  Not  Generate 

The  trouble  will  probably  be  found  in  an  open  shunt  field 
circuit.  This  circuit  may  be  traced  as  follows  (see  Fig.  272)  :  From 
negative  pole  of  battery  to  post  1  through  shunt  field  on  Dyneto 
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to  post  3  S  H  F  on  starting  switch,  through  switch  to  SER  F, 
post  4  to  positive  battery.  This  circuit  may  be  tested  out  inde- 
pendently of  the  main  circuit  by  removing  wire  from  post  2,  so 
as  to  cut  out  armature  circuit,  and  setting  the  starting  switch  on 
** START."  If  the  circuit  is  complete  a  bright  spark  will  be  made 
when  wire  is  removed  from  post  3.  If  no  spark  occurs,  look  over 
all  wires  and  connections,  and  an  open  circuit  will  be  found. 

If  Dyneto  Does  Not  Generate  Enough  Current 

First  be  sure  that  the  battery  is  in  good  condition,  and  that  it 
utilizes  the  current  actually  delivered  to  it  by  the  generator.  (See 
battery  instructions.)  If  battery  is  all  right,  go  over  shunt  circuit 
as  in  last  paragraph.  Be  sure  that  there  are  no  loose  connections, 
and  that  the  commutator  is  clean  and  smooth;  that  the  springs 
keep  the -brushes  pressed  against  the  commutator  properly.  If 
an  ampere  meter  is  available,  connect  it  to  one  of  the  wires  leading 
to  the  battery.  The  amount  of  current  that  should  be  generated 
at  various  speeds  is  specified  above. 

Grounds,  Short  Circuits,  Open  Circuits  in  Lamps  and  Wire 

These  troubles  are  quite  common  when  the  wiring  is  poorly 
done.  Grounds  and  short  circuits  often  occur  in  wires  not  pro- 
tected by  suitable  conduit  and  good  heavy  insulation,  especially 
when  wires  pass  around  sharp  corners,  over  bolt  heads,  etc. 
Grounds  are  also  sometimes  found  in  switches,  lamps  and  con- 
nectors. 

Open  circuits  may  be  due  to  blown  fuses,  bad  joints,  poor  wiring, 
loose  connections.  They  are  also  found  in  connectors  and  lamp 
sockets. 

TROUBLES  IN  BOSCH  BUSHMORE  SYSTEM 

The  following  instructions  regarding  the  location  of  trouble  in 
the  Bosch-Rushmore  starting  and  lighting  system  are  taken  from 
the  Marmon  instruction  book : 

1.    No  Lights  Obtainable,  Car  at  Standstill 

If  lights  are  obtainable  when  engine  is  running,  but  no  lights 
are  available  when  the  engine  is  at  a  standstill,  this  condition 
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indicates  that  the  battery  is  either  in  a  totally  discharged  condition, 
that  the  connections  to  same  are  loose,  or  that  No.  3  connection 
to  the  control  box  is  not  making  proper  contact,  or  the  fuse  be- 
tween  positive  terminals  of  the  battery  and  ground  is  blown  or 
the  ammeter  shunt  is  open  circuited.  If  the  battery  is  found 
discharged,  it  must  be  given  a  charge  from  an  external  source. 
If  the  connections  are  loose,  re-establish  the  integrity  of  the  joints. 
If  the  fuse  is  blown,  it  is  necessary  to  test  out  the  different  cir- 
cuits with  either  a  bell  or  test  lamp  before  putting  in  a  new  fuse. 
The  fuse  may  have  been  blown  because  of  a  short  circuit  in  one 
of  the  circuits  and  merely  replacing  the  -fuse  without  correcting 
the  faulty  circuit  would  be  of  little  avail.  Never  use  a  piece  of 
copper  wire  in  place  of  a  fuse.  Always  have  sufficient  fuses  for 
replacement  on  hand.  To  determine  whether  the  ammeter  shunt 
is  blown  or  not  place  the  meter  handle  in  the  left  hand  or  voltage 
position.  If  voltage  is  obtained  move  the  handle  to  the  right  hand 
position,  which  is  the  ampere  position.  Place  the  left  hand  light- 
ing switch  handle  in  No.  1  position;  if  the  shunt  is  burnt  out 
there  will  be  a  violent  fluctuation  to  the  left.  If  this  condition 
exists  it  will  necessitate  removing  the  cover  of  the  control  box, 
uncoupling  the  two  wires  that  are  connected  to  the  connections 
on  the  meter  and  then  remove  the  screws  that  hold  the  meter  in 
position.  It  is  necessary  to  test  the  wiring  thoroughly  to  locate 
a  ground  which  might  exist  and  which  may  have  caused  the  am- 
meter shunt  to  blow  out.  After  the  ground  is  located  and  re- 
moved the  two  wires  that  were  previously  connected  to  the  engine 
can  be  joined  together  by  means  of  a  small  bolt,  as  this  will  allow 
the  system  to  be  used  while  the  meter  is  being  repaired. 

2.     No  Lights  Obtainable  Under  Any  Conditions. 

This  condition  could  be  caused  by  any  of  the  foregoing  defects, 
with  the  addition  of  No.  1  and  No.  2  cables  (see  Fig.  234)  making 
poor  connections  either  at  the  dynamo  or  control  box.  When 
making  up  or  replacing  terminals  used  on  the  cables,  use  the 
special  wrench  supplied  with  these  outfits.  It  is  not  necessary  to 
make  these  tight,  as  it  is  only  required  to  tighten  the  nuts  until 
no  more  play  can  be  felt  by  pushing  the  wire  in  .and  out  of  the  nut. 
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3.  Individual  Circuits. 

Bulb  filament  burnt  out ;  bulb  base  not  making  proper  contact ; 
cables  supplying  this  circuit  loose ;  the  remedy  for  this  is  obvious. 

4.  Lights  Flickering. 

Primarily  due  to  either  improper  brush  contacts,  dirty  commu- 
tator, or  loose  No.  1  or  No.  2  leads,  which  results  in  the  automatic 
relay  openings  and  closing  with  great  rapidity.  In  order  to  elim- 
inate this,  it  is  necessary  to  loosen  the  top  screw  of  end  cover  of 
dynamo  and  turn  cover  to  the  left,  as  far  as  it  will  go.  This  will 
expose  brush  holders  and  commutator.  Brushes  can  be  removed 
by  lifting  up  springs  and  pushing  them  to  one  side.  Remove 
whatever  dirt  may  be  on  the  brushes,  in  order  that  they  may  have 
a  free  sliding  fit  in  the  brush  holders.  The  sticking  of  the  brushes 
may  have  caused  the  commutators  to  have  become  roughened.  This 
can  be  cleaned  by  means  of  fine  sandpaper,  not  emery  paper. 
Never  attempt  to  use  other  brushes  than  those  supplied  by  the 
Bosch  Company.  If  the  flickering  is  intermittent,  it  is  caused 
by  loose  connections  on  the  battery  side  of  the  system. 

5.  Lights  Dim  (Individual  Circuit). 

Poor  lamp  contact  or  poor  cable  contact;  remedy  obvious. 

6.  All  Lights  Dim  (Car  Standing  Still). 

Battery  partially  discharged;  partial  ground  or  short  circuit. 
First  determine  the  condition  of  the  battery  as  cited  under  **  bat- 
tery" heading.  If  this  is  found  to  be  0.  K.,  test  each  individual 
circuit  for  ground.  This  can  be  done  by  disconnecting  them  all 
at  the  control  box,  and  replacing  them  one  by  one,  and  note  at 
which  circuit  the  lights  dim.  This  will  be  the  circuit  that  the 
trouble  exists  on,  and  the  cable  terminals  and  cable  itself  should 
be  thoroughly  examined. 

7.  Lights  Dim  (Engine  Running) . 

Dynamo  not  operating  with  a  partially  discharged  battery. 
Dynamo  and  battery  condition  0.  K.  with  a  heavy  ground  or  short 
circuit  on  system;  starting  switch  not  having  returned  to  the  oflE 
position.  To  remedy,  proceed  as  under  heading  *'no  lights  ob- 
tainable.** 
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8.  Dynamo  Not  Cutting  In  Until  High  Speed  Is  Beached. 

If  the  dynamo  should  not  cut  in  until  the  engine  is  raced,  and 
after  it  once  cuts  in  it  operates  satisfactorily  even  down  to  low 
car  speeds,  this  is  an  indication  that  the  dynamo  brushes  are  not 
making  proper  contact,  or  that  the  commutator  is  roughened  and 
dirty.    To  remedy,  proceed  as  under  ^* lights  flickering/' 

9.  Adjustment  of  Automatic  Belay. 

Before  proceeding  with  the  method  of  adjusting  and  regulat- 
ing the  automatic  relay  or  cutout,  and  the  voltage  regulator  or 
controller,  it  should  be  borne  in  mind  that  these  parts  are  cor- 
rectly set  and  adjusted  before  leaving  the  factory,  and  no  attempt 
should  be  made  to  alter  same,  unless  you  are  certain  that  condi- 
tions can  be  bettered  or  corrected  by  doing  so.  These  parts  will 
operate  over  great  lengths  of  time  with  absolutely  no  attention, 
and  they  should  be  touched  only  when  you  are  positive  that  the 
(difficulty  lies  there. 

This  relay  is  for  the  purpose  of  closing  the  dynamo  circuit  on 
to  the  battery  when  the  dynamo  voltages  are  correct.  If  it  is 
necessary  to  alter  this  cutting-in  point,  it  is  done  by  slackening 
off  the  hexagon-headed  nut  at  the  buttom  of  the  left-hand  relay. 
To  cause  it  to  cut  in  at  a  higher  voltage,  this  nut  should  be  tight- 
ened. To  cut  in  at  lower  voltage,  it  should  be  slacked  off.  Do  not 
forget  to  tighten  up  on  the  lock  nut.  In  the  front  and  toward 
the  bottom  of  the  relay,  an  opening  is  noticed.  When  this  relay 
is  closed,  there  should  be  a  gap  of  approximately  %4  of  an  inch 
between  the  movable  member  of  the  cutout  and  the  stationary 
part.  To  adjust  this  distance,  it  is  necessary  to  alter  the  position 
of  the  contact,  carried  on  to  the  bridge,  located  on  top  of  this 
relay.  This. is  done  by  slackening  off  the  hexagon  jam  nut  and 
backing  the  contact  screw  down. 

10.  Adjusting  Begulator, 

The  regulators  when  sent  out  are  adjusted  at  a  point  to  give 
the  most  satisfaction  over  the  most  general  average  operating 
conditions,  but  some  individual  cases  may  be  brought  to  your 
attention  which  will  necessitate  altering  the  regulation.  This  is 
accomplished  by  means  of  altering  the  position  of  the  conical- 
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headed  screw  at  the  top  of  the  right-hand  relay.  This  is  done  by 
means  of  a  small  socket  wrench.  By  causing  the  screw  to  travel 
so  that  a  greater  pressure  is  exerted  on  the  small  pin  under^ieoth 
the  conical  head,  it  results  in  a  higher  voltage  at  the  dynamo 
terminals,  and  slackening  oflE  this  screw  decreases  this  pressure, 
and  results  in  a  lower  voltage.  The  adjustment  at  all  times  should 
be  so  that  the  battery  is  maintained  at  approximately  80%  charged, 
but  at  no  time  should  the  regulator  be  set  so  that  the  dynamo 
voltage  just  previous  to  the  automatic  relay  operating  is  more 
than  14%  volts,  inasmuch  as  this  would  cause  a  violent  change  in 
the  intensity  of  light,  when  the  automatic  relay  operated. 

No  mention  has  been  made  in  these  instructions  of  the  right- 
hand  switch  on  the  control  box.  This  was  purposely  left  out, 
inasmuch  as  the  switching  combination  has  been  changed,  and  this 
switch  is  now  inoperable.  The  dynamo  and  the  battery  are  always 
in  parallel  with  the  automatic  relay  or  cutout  contacts  in  series. 

//  Starter  Will  Not  Turn  Motor. 

1.  See  that  starter  pedal  is  not  sticking  and  goes  all  the  way 
down.    Disconnect  storage  battery  under  seat,  if  pedal  sticks. 

2.  Note  whether  starter  gear  goes  into  engagement.  If  starter 
spins,  ''nurse"  the  pedal  until  gear  engages. 

3.  See  that  main  leads  between  battery  switch  and  starter  are 
firmly  connected,  especially  at  the  battery. 

4.  Battery  may  be  discharged.  Test  gravity  per  separate  in- 
structions. 

5.  Start  with  crank  and  report  promptly  to  Bosch  or  Marmon 
representatives. 

If  Starter  Turns  Motor,  But  Motor  WUl  Not  Fire. 

1.  Do  not  continue  to  ** churn"  motor,  but  check  over  motor 
conditions.    See  that — 

Ignition  switch  is  in  proper  position. 

Throttle  lever  is  open  about  one  and  one-half  inches. 

Air  choke  lever  is  closed  (in  cool  or  cold  weather). 

There  is  gasoline  in  the  carburetor. 

Gasoline  line  cock  is  open. 

2.  With  a  very  cold  motor  it  may  take  some  time  to  get  an 
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ignitable  mixture  into  the  cylinders,  but  if  the  air  choke  valve 
almost  entirely  closes  the  carburetor  intake  a  strong  suction  will 
draw  gasoline  into  cylinders  as  effectively  as  priming.  In  extreme 
cold  weather  a  prompt  start  will  follow  wrapping  a  hot  water- 
soaked  cloth  -about  intake  manifold. 

3.  In  moderate  weather  continued  churning  with  the  air  choke 
closed  will  cause  cylinders  to  flood.  To  clear  motor  open  wide  the 
air  choke  and  throttle  levers.  If  still  unable  to  get  an  explosion, 
do  not  continue  to  apply  starter,  but  look  for  the  trouble. 

4.  See  that  carburetor  is  getting  its  supply  of  pure  gasoline. 
Drain  vacuum  feed  reservoir  and  note  carefully  whether  there 

is  dirt  or  water  present. 

If  so,  drain  carburetor  and  fill  reservoir  by  revolving  motor 
with  starter  with  air  valve  closed. 

Then  see  that  you  are  getting  good  gasoline  and  you  will  get 
a  start. 

If  you  cannot  get  gasoline  to  flow,  water  may  be  frozen  or  line 
may  be  choked  with  sediment. 

If  gasoline  supply  seems  all  right,  turn  to  ignition. 

5.  See  whether  you  get  a  spark  at  spark  plugs  when  cranking 
by  placing  a  screw  driver  or  other  metal  from  metallic  connection 
on  top  of  plug  to  metal  on  motor.    If  not — 

Disconnect  magneto  ground  switch  wire.    If  it  then  fires,  this 
wire  is  grounded  somewhere,  causing  the  trouble. 
If  not— 

Remove  and  inspect  distributor. 
See  that  breaker  is  working. 

6.  If  you  get  a  good  spark,  examine  the  spark  plugs.  They 
should  have  a  gap  of  .025  inch  (eight  thicknesses  of  this  paper). 

See  that  they  are  free  from  soot. 
See  that  porcelain  is  not  cracked. 

TROUBLES  IN  BEMY  STARTING,  LIGHTING  AND 

IGNITION  SYSTEMS. 

The  diagrams  presented  in  preceding  chapter  should  make  clear 
the  various  connections  of  this  electrical  system  and  a  review  of 
the  following  suggestions  for  locating  trouble,  which  are  taken  from 
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the  instructions  of  the  Eemy  Company  will  enable  the  reader  to 
remedy  any  defective  condition  that  might  materialize. 

Grounds  and  Short  Circuits. — It  is  readily  seen,  by  a  glance  at 
these  diagrams,  that  this  is  what  is  known  as  a  one- wire  system, 
that  is,  the  bodies  of  the  machines,  the  engine  and  the  frame  of  the 
car  form  one-half  of  the  circuit  between  the  battery  and  the 
motor,  ignition-generator,  ignition  switch,  and  lamps.  Thus  it 
will  be  seen  that  if  the  insulation  is  worn  off  any  one  of  the  wires 
and  the  copper  touches  any  of  the  metal  parts  of  the  car,  a  short 
circuit  will  result,  which  will  either  render  the  system  inoperative 
by  blowing  out  one  or  both  of  the  fuses  or  will  discharge  the 
battery.  Short  circuits  may  result  from  two  bare  wires  coming 
into  contact,  but  in  general  where  short  circuits  are  mentioned  in 
this  book  a  contact  of  a  bare  wire  with  some  of  the  metal  parts  of 
the  car  is  referred  to.  By  *'open  circuits"  is  meant  broken  wires, 
fuse  burnt  out,  or  proper  connections  not  made  to  the  frame.  It 
should  be  borne  in  mind  that  inasmuch  as  the  frame  of  the  car 
forms  one-half  of  the  electrical  circuit  between  the  lamps,  the 
ignition  switch  and  the  battery,  the  frames  of  the  lamps  and  the 
proper  terminals  of  the  ignition  switch  and  battery  should  be  well 
grounded  to  the  frame  of  the  car  at  all  times. 

All  Lights  Go  Out — Ignition  Fails — Starting  Motor  Dead. — The 
cause  of  this  is:  (1)  A  loose  connection  either  at  battery  terminals, 
at  battery  side  of  starting  switch,  or  at  point  where  battery  is 
grounded  to  the  frame  of  the  car.  (2)  A  loose  connection  at  motor 
side  of  starting  switch  or  at  starting  motor  and  the  wire  between 
the  switches  broken.  (3)  Loose  connection  at  motor  side  of  start- 
ing switch  or  at  starting  motor  and  the  Model  79  fuse  burnt  out. 

AU  Lights  Go  Out — Ignition  Fails — Starting  Motor  0.  K. — ^A 
short  or  open  circuit  in  the  wire  between  the  starting  switch  and 
the  Model  79  fuse  block  or  the  Model  79  fuse  being  burnt  out 
might  be  the  cause  of  this.  Look  first  to  see  if  this  fuse  is  intact. 
If  the  fuse  is  burnt  out  make  a  careful  examination — for  grounds — 
of  the  wiring  between  the  Model  148  switch,  the  lamps  and  the 
ignition  distributor  before  replacing  with  new  fuse.  See  that  all 
connections  on  the  fuse  .block  and  the  back  of  the  Model  148  switch 
are  tight. 


462        Starting,  Lighting  and  Ignition  Systems 

All  Lights  Oo  Out — Ignition  and  Starting  Motor  0.  K. — It  is 
evident  that  this  trouble  is  confined  to  open  circuits  between  the 
lighting  switch  and  the  lamps,  loose  connections  at  lighting  switch 
or  at  lamps,  or  burned  out  bulbs. 

Ignition  Fails — Lights  and  Starting  Motor  0.  K. — This  trouble 
may  be  traced  to  loose  connections  at  the  ignition  switch,  coil  or 
ignition  distributor,  poor  grounding  of  the  switch  on  the  speed- 
ometer support  screw  or  open  circuits  or  short  circuits  between 
the  ignition  switch  and  distributor.  See  that  the  contact  points 
in  the  breaker  box  are  adjusted  correctly  and  examine  all  high 
tension  wires. 

All  Lights  Go  Dim. — A  short  circuit  between  the  battery  and 
starting  switch  or  between  the  starting  switch  and  ignition  gener- 
ator would  cause  this  trouble.  The  most  probable  cause  is  a  dis- 
charged battery  resulting  from  leakage  of  current  due  to  short  cir- 
cuits in  the  wiring;  using  bulbs  of  higher  candle-power  than  those 
recommended;  using  low  efficiency  carbon  filament  bulbs,  or  defects 
in  the  generator  which  prevents  it  from  charging  properly.  Make 
sure  that  the  generator  protective  fuse  on  the  relay  regulator  base 
is  not  burned  out.  Another  possible,  though  hardly  probable, 
cause  is  that  the  relay  points  might  remain  closed.  This  would 
cause  the  current  from  the  battery  to  he  dissipated  in  the  wind- 
ings of  the  ignition  generator.  If  this  is  the  case  the  cover  may 
be  removed  and  the  contact  broken  by  releasing  the  relay  blade 
with  the  finger.  If  the  contact  points  are  roughened  or  pitted, 
draw  a  piece  of  very  fine  sandpaper  lightly  between  them  and 
carefully  remove  all  dirt  or  dust.  If  the  generator  protective  fuse 
is  intact  and  the  ignition  generator  is  not  charging  properly,  the 
relay-regulator  cover  should  be  removed  and  all  contact  points 
examined  to  make  sure  that  they  are  not  kept  separated  by  some 
small  particle  of  foreign  matter  that  is  not  capable  of  conducting 
electricity.  A  small  quantity  of  dirt  between  the  points  will  keep 
the  generator  current  from  flowing  to  the  battery,  and  will  natu- 
rally produce  a  discharged  battery  in  time. 

Generator  Test. — A  simple  test  to  determine  if  the  igiaition- 
generator  is  properly  operating  is  first,  switch  all  lights  on  with 
engine  idle;  second,  start  engine  and  run  same  reasonably  fast. 
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If  lights  brighten  after  starting  engine,  it  proves  that  the  ignition- 
generator  is  properly  delivering  current.  This  test  must  neces- 
sarily be  conducted  in  the  dark,  either  in  garage  or,  preferably, 
at  night  time. 

One  Light  Ooes  Dim. — The  more  probable  causes  of  this  are 
a  defective  bulb  or  connection  at  the  lamp.  If  these  are  0.  K., 
make  an  examination  for  short  circuits  in  the  wiring  to  the  lamp. 

One  Light  Flickers, — ^Loose  or  frayed  connection  at  lamp  or  at 
switch.  An  intermittent  ground  or  short  circuit  in  the  wiring  to 
the  lamp.    Bulb  loose  in  socket. 

Tail  Light  Goes  Out, — ^Look  first  for  a  burned  out  bulb.  Then 
see  that  the  wire  to  the  lamp  is  not  broken,  that  connections  at 
switch  and  lamp  are  tight  and  that  the  body  of  the  lamp  is  making 
good  electrical  connection  with  the  frame  of  the  car. 

Cowl  Light  Goes  Out. — Make  an  examination,  same  as  in  pre- 
ceding paragraph,  of  cowl  light  circuit. 

Head  Lights  Go  Out. — Make  same  examination  of  head  light 
circuit. 

One  Head  Light  Ooes  Out. — It  is  evident  that  this  trouble  is 
confined  to  an  open  circuit  between  the  junction  A  and  the  lamp, 
bad  connection  at  lamp,  burned  out  bulb  or  frame  of  lamp  not 
grounded  properly. 

Starting  Motor. — The  closing  of  the  starting  switch  completes 
the  circuit  and  puts  the  starting  motor  in  operation.  If  it  does 
not  spin  the  engine,  release  the  switch  at  once,  ascertain  if  all 
connections  are  tight  and  secure,  that  the  motor  brushes  are  bear- 
ing on  commutator  properly,  and  inspect  the  battery.  If  the  start- 
ing motor  turns  the  engine  over  very  slowly,  it  is  evident  that 
the  battery  is  weak  or  engine  exceptionally  stiff,  for  some  reason, 
probably  overheating  or  lack  of  lubricant. 

If  the  starting  motor  is  spinning  the  engine  at  a  reasonable 
cranking  speed  and  the  engine  does  not  fire,  remember  that  the 
starting  motor  is  performing  its  duty,  so  do  not  let  it  continue 
to  spin  the  engine  longer  than  necessary  as  a  needless  drain  is 
placed  upon  the  battery.  If  the  engine  does  not  fire,  it  is  evident 
that  the  trouble  is  confined  to  carburetor  or  ignition,  and  the 
failure  to  start  is  no  fault  of  the  starting  system. 
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Instructions  for  Repairing  Storage  Battery. — In  repairing  a 
Willard  storage  battery  a  definite  routine  must  be  followed  in  tear- 
ing down  and  building  up  same  in  order  that  it  will  be  in  the  best 
condition  when  re-assem'bled.  (See  Pig,  273.)  These  steps  are  as 
follows : 

First :   Remove  all  vent  plugs  and  washers. 

Second:  Centerpunch  both  top  connectors  in  each  cell  which 
is  to  be  repaired;  then  drill  ^-inch  into  top  connector,  with  a  ^- 
inch  diameter  drill.    Now  pull  off  top  connector  with  pair  of  pliers. 


TOP  COHKtf:T0K-HJ 
TCTMIMA.L  FOST— 


SCALING  CCMTOUNJ 
INNCR  COVEK 


^""""■<^^^^^^ 


— EXPAN&ION  CHAMBER 


Fig.  273. — Method  of  DriUlng  Into  Tenninal  Post  of  Willard  Battery  and 
How  Plates  and  Sepaiatois  are  Asaemliled. 

Third:  Apply  gas  flame  or  blowtorch  flame  to  the  top  of  the 
battery  long  enough  to  soften  the  sealing  compound  under  the  top 
cover.  Now,  with  heated  putty  knife,  plow  out  the  sealing  com- 
pound around  the  edge  of  top  cover. 
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Fourth :  Insert  a  putty  knife,  or  any  other  thin,  broad  pointed 
tool,  heated  in  flame,  along  underside  of  top  cover,  separating  it 
from  the  sealing  compound.  Then  with  putty  knife,  pry  the  top 
cover  up  the  sides  and  off  of  the  terminal  posts. 

Fifth:  Then,  with  heated  putty  knife,  remove  all  sealing  com- 
pound from  inner  cover. 

Sixth :  Now  play  the  flame  onto  the  inner  cover  until  it  becomes 
soft  and  pliable ;  then  take  hold  of  both  terminal  posts  of  one  cell, 
and  remove  the  elements  from  the  jar,  slowly;  then  lift  the  inner 
cover  from  the  terminal  posts. 

Seventh :  Now  separate  positive  and  negative  elements,  by  pull- 
ing them  apart  sideways.    Destroy  old  separators. 

Eighth :  To  remove  a  leaky  jar,  first  empty  the  electrolyte  from 
the  jar,  and  then  play  the  flame  on  the  inside  of  the  jar  until  the 
compound  surrounding  it  is  soft  and  plastic ;  then  with  the  aid  of 
two  pairs  of  pliers,  remove  it  from  the  crate,  slowly,  lifting  evenly. 

Ninth :  To  put  in  a  new  jar,  in  place  of  the  leaky  one,  heat  it 
thoroughly,  in  a  pail  of  hot  water,  and  force  in  gently. 

Tenth :  In  re-assembling  the  battery,  first  assemble  the  positive 
and  negative  elements,  pushing  them  together  sideways ;  then  turn 
them  on  the  side  and  with  both  hold  downs  in  place,  insert  new 
separators,  being  very  careful  to  have  the  grooved  side  of  the 
separators  next  to  each  side  of  each  positive  plate.  Also  be  care- 
ful to  have  the  separators  extend  beyond  the  plates  on  each  side, 
so  there  will  be  no  chance  of  the  plates  short-circuiting.  Now  press 
all  separators  up  against  hold  downs. 

Eleventh :  Heat  up  inner  cover  with  flame ;  then  place  same  on 
terminal  posts;  then  take  hold  of  both  terminal  posts  and  slowly 
lower  the  elements  into  the  jar. 

Twelfth:  Now,  with  expansion  chamber  in  place  on  the  inner 
cover,  .pour  the  melted  sealing  compound  on  to  the  inner  cover, 
until  it  reaches  the  level  of  the  hole  in  the  top  of  the  expansion 
chamber, — i.e.  so  that  when  the  top  cover  is  replaced,  it  will  squeeze 
the  sealing  compound  off  the  top  of  the  expansion  chambers. 

Thirteenth:  Now  soften  top  cover  with  flame  and  replace  on 
terminal  posts  until  it  rests  on  top  of  expansion  chamber;  then 
place  a  weight  on  top  cover  until  sealing  compound  cools. 
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Fourteenth:  Now,  four  sealing  compound  around  the  edge  of 
the  top  cover,  until  it  reaches  the  top  of  top  cover;  then  when  the 
sealing  compound  has  cooled,  take  a  putty  knife  and  scoop  extra 
sealing  compound  off  of  top  cover,  making  a  smooth  surface  over 
all  the  top  of  the  battery. 

Fifteenth :  In  burning  the  top  connector  to  terminal  post,  pro- 
ceed as  follows:  Scrape  the  hole  of  the  top  connector  until  the 
surface  is  bright  and  clean;  scrape  terminal  post  until  top  and 
edge  are  bright  and  clean.  Now,  scrape  a  piece  of  lead — preferably 
a  small  bar — ^bright  and  clean;  then  apply  hydrogen  gas  flame, 
mixed  with  air  under  pressure,  to  the  top  connector  and  terminal 
post  assembled,  at  the  same  time  heating  lead  bar.  When  top  con- 
nector and  terminal  post  begin  to  melt,  apply  lead  bar  directly  on 
same,  melting  it,  thus  making  a  firm  burned  connection.  Then 
fill  rest  of  hole-space  with  melted  lead  and  smooth  off  even  with 
top  of  top  connector. 


CHAPTER    VII 

MISCELLANEOUS    ELECTRICAL    DEVICES 

Non-Glare  Devices — Electrical  Alarms — ^Electrical  Signals — Gear  Shifting  by 
Electricity — Electric  Brake — Carburetor  Warmer — Electric  Vulcanizera 
— Entz  Electric  Transmission — Novel  Lamps  and  Miscellaneous  Devices. 

Olaring  Headlights. — Speaking  of  glaring  headlights,  the  cause 
and  elimination  or  reduction,  a  writer  in  Horseless  Age  discourses 
as  follows:  Even  when  acetylene  head  lamps  were  still  commonly 
used  on  automobiles,  there  was  considerable  objection  to  their 
blinding  glare,  and  many  drivers  in  the  big  cities  then  pasted 
translucent  paper  to  the  back  of  the  lenses  or  glasses,  or  gave  the 
lenses  a  coating  of  paint,  except  for  a  small  central  circle.  When 
the  still  more  powerful  electric  headlights  became  popular,  so  much 
annoyance  was  caused  to  pedestrians  and  drivers  that  several  mu- 
nicipalities took  action  in  the  matter.  One  of  the  first  cities  to 
prohibit  the  use  of  glaring  headlights  in  its  streets  was  Chicago, 
whose  ordinance  provides  in  substance  that  '*it  shall  be  unlawful 
for  any  person  operating  an  automobile  to  use  a  bright  headlight, 
unless  such  headlight  be  properly  shaded  so  as  not  to  blind  or 
dazzle  other  users  of  the  highway.''  The  New  York  City  ordinance 
contains  practically  the  same  provision.  The  city  of  Cleveland 
has  adopted  an  ordinance  providing  that  at  a  distan.ce  of  seventy- 
five  feet  or  more  ahead  of  the  vehicle  none  of  the  reflected  light 
from  a  headlight  must  be  visible  more  than  three  feet  above  the 
roadway.    A  similar  law  is  in  force  in  the  State  of  New  Jersey. 

It  would  thus  appear  that  the  problem  can  be  solved  in  two 
essentially  different  ways.  Either  the  light  must  be  dimmed  as  a 
whole  or  else  it  must  be  tilted  or  shaded  in  such  a  manner  that 
none  of  its  reflected  rays  can  rise  beyond  a  certain  height.  In 
this  connection  it  may  be  well  to  explain  what  is  meant  by  ** glare,'' 
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Tig.  27i. — simple  Methods  of  Ellmlnatiiig  Headlight  CUare. 

the  term  most  frequently  used  to  express  the  blinding  effect  of 
powerful  headlights.  Perhaps  the  best  definition  yet  given  is  the 
following-:  "A  glaring  light  is  one  whieh  interferes  with  the  aeute- 
ness  of  vision  of  adjacent  objects."  Glare  is  due  chiefly  to  the 
ultra  violet  rays  of  the  spectrum.  It  has  therefore  been  proposed 
to  use  a  yellow  lens  or  front  glass  on  head  lamps,  whieh  absorbs 
the  ultra  violet  and  blue  rays  and  transmits  only  red,  orange, 
yellow  and  green  rays.     This  special  glass  used  for  the  purpose 
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transmits  the  red  and  other  rays  with  very  little  absorption,  hence 
the  total  radiation  is  not  materially  reduced.  Another  fact  to  be 
taken  into  account  is  that  the  red  rays  penetrate  farthest  through 
a  misty  or  foggy  atmosphere,  as  is  shown  by  the  fact  that  the  sun 
when  rising  or  setting  always  appears  red.  Hence  the  penetration 
of  the  beam  of  the  headlight  is  not  much,  if  any,  diminished  by 
the  yellow  glass. 

Methods  of  Reducing  Glare. — By  using  two  bulbs  in  the  head- 
lights, a  larger  one  in  focus  and  a  smaller  one  out  of  focus,  as  in 
the  Gray  &  Davis  lamp  shown  at  A,  Fig.  274,  both  an  intense  light 
for  country  driving  and  a  subdued,  non-glaring  light  for  city 
driving  can  be  obtained  from  a  single  lamp  without  any  shading 
device  and  without  waste  of  current.  This  arrangement  gives  the 
car  the  equivalent  of  both  head  and  side  lights,  reducing  the  side 
lamps  to  the  small  bulbs. 

Another  principle  which  may  be  employed  for  preventing  an- 
noying glare  is  that  of  making  certain  portions  of  the  front  glass 
of  such  form  that  they  will  disperse  the  rays  falling  upon  them, 
rather  than  transmit  them  without  deflection.  Thus  by  making  the 
top  half  of  the  glass  of  grooved  or  corrugated  form  the  top  half 
of  the  beam  will  be  broken  up  and  only  the  bottom  half  remain, 
and  the  lamp  can  then  be  so  adjusted  on  its  bracket  that  no  part 
of  the  beam  rises  more  than  a  certain  height  above  the  road  sur- 
face. This  principle  of  limiting  the  maximum  height  of  the  shaft 
of  light  works  all  right  on  level  ground  but  it  is  ineffective  when 
a  car  approaches  the  crest  of  a  hill,  which  is  one  of  the  critical 
conditions  in  night  driving.  In  such  a  case  it  would  certainly 
be  better  if  the  driver  had  some  means  at  his  command  for  in- 
stantly reducing  the  intensity  of  the  projected  beam.  Sometimes 
the  lamp  is  provided  with  a  frosted  glass,  having  only  a  small  por- 
tion of  clear  glass  as  shown  at  B,  Fig.  274. 

An  early  method  of  dimming  electric  headlights  consisted  in 
reducing  the  voltage  applied  to  them,  either  by  connecting  the  two 
lights  in  series  across  the  battery  or  by  introducing  a  resistance  in 
the  circuit.  Connecting  the  lights  in  series  is  advantageous  on 
account  of  the  current  economy  resulting  therefrom.  There  is  one 
objection  to  it,  however,  namely,  that  in  case  one  filament  breaks. 
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Fig.  275. — ^MiBcellaneona  Fittings  to  Use  In  Oonnectioii  vith  Electric 
Headlights  to  Beduce  Objectionable  Glare. 


both  lamps  will  go  out  instantly  and  the  driver,  therefore,  will  be 
enveloped  in  more  or  less  darkness.  This,  however,  is  a  less  serious 
matter  in  city  driving  than  it  would  be  in  conntry  driving,  be- 
cause of  the  street  lighting. 

Another  dimmer  consists  of  a  shade  of  translucent  material, 
88  depicted  at  the  bottom  of  Pig.  274,  similar  to  a  window  shade, 
which  is  rolled  up  in  a  tube  above  the  lamp  when  not  in  nse 
and  is  drawn  in  front  of  the  lamp  by  means  of  a  cord  connection 
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to  a  foot-operated  device  when  it  is  desired  to  dim  the  lights. 
When  the  foot  pressure  is  removed  from  the  pedal  a  spring  auto- 
matically rolls  up  the  curtain  in  the  tube. 

The  method  shown  at  A,  Fig.  275,  involves  the  use  of  a  lamp 
with  a  readily  movable  reflector  which  can  be  moved  out  of  focus 
with  respect  to  the  bulb  for  city  work,  or  where  the  anti-glare  laws 
are  stringent.  When  the  searchlight  effect  is  wanted  it  is  very 
easy  to  bring  the  reflector  in  focus  again.  A  foot-controlled  form 
of  dimming  switch  is  shown  at  B.  This  is  intended  to  be  placed 
under  the  toe  board,  having  the  plunger  project  through  where  it 
can  be  easily  depressed.  Such  devices  may  work  either  by  inter- 
posing a  resistance  in  circuit  or  by  coupling  the  lamps  in  series 
momentarily. 

The  Amco  auto  light  deflector,  outlined  at  C,  is  a  small  white 
enamel  reflector  that  is  snapped  on  the  lower  side  of  an  electric 
bulb.  It  deflects  all  light  rays  to  the  upper  half  of  the  /lamp 
reflector  from  which  they  are  cast  outwardly  and  downwardly,  as 
at  Fig.  276,  and  eliminating  all  glare.  By  this  principle  the 
strength  of  the  light  is  not  decreased,  the  road  being  as  well  illu- 
minated as  before. 

The  Amco  auto  light  deflector  adequately  meets  all  laws  govern- 
ing headlights  and  has  been  highly  recommended  by  experts.  The 
Department  of  Motor  Vehicles  of  the  State  of  New  Jersey  is  one 
of  the  latest  indorsees. 

The  use  of  shutters  or  curtains  naturally  suggests  itself,  and  a 
number  of  dimmers  of  this  class  have  been  brought  out.  The  No- 
Daz,  shown  at  D,  Fig.  275,  consists  of  a  series  of  translucent 
screens  which  normally  stand  parallel  to  the  axis  of  the  beam  of 
light  so  as  not  to  obstruct  the  light,  but  upon  pushing  a  button 
which  energizes  an  electro-magnet,  they  are  placed  at  right  angles 
to  the  beam  of  light,  thus  placing  a  curtain  of  translucent  material 
in  front  of  the  lamp.  The  apparent  source  of  light  is  then  a 
circular  plane  of  considerable  diameter,  which  gives  a  mellow,  dif- 
fused light  claimed  to  be  sufiiciently  strong  for  driving  at  ordinary 
speeds  and  unobjectionable  to  other  road  users.  The  operating 
mechanism  consi^s  of  a  small  solenoid  placed  out  of  sight  close 
to  the  screen. 
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The  Aderente,  illustrated  at  Fig.  275,  E,  is  a  non-blinding  de- 
vice which  is  so  arranged  a&  to  cut  out  the  glare  and  at  the  same 
time  have  many  of  the  rays  of  light  thrown  directly  ahead  of  the 
car  in  order  to  illuminate  the  roads.  According  to  the  manufac- 
turer the  device  is  not  a  dimmer,  but  rather  increases  the  power 
of  the  projected  light  by  deflecting  the  rays  to  the  road  which 
would  otherwise  be 
thrown  upwards  or  in  a 
straight  line  ahead  of 
the  car,  thereby  blind- 
ing approaching  pedes- 
trians or  drivers.  The 
device  is  attached  to  the 
lamp  door,  and  al- 
though made  of  metal, 
is  said  to  have  the  ap- 
pearance of  cut  glass. 
It  does  not  require  ad- 
justment and  does  not 
have  to  be  touched 
whether  the  car  is  be- 
ing driven  through  the 
city  streets  or  in  the 
country!  As  the  device 
is  attached  inside  the  door,  it  should  not  require  frequent  cleaning. 
Electrical  Alarms. — The  old  style  hand-operated  bulb  horn  has 
given  way  to  the  more  easily  actuated  electrical  signals  since  the 
use  of  electrical  current  has  become  general  in  the  modem  auto- 
mobile. These  signals  operate  on  two  principles :  they  may  be  the 
buzzer  type,  as  shown  at  Pig.  277,  A  and  B,  or  may  be  of  the 
form  having  a  mechanically  actuated  diaphragm,  as  shown  at  C 
and  D.  The  buzzer  type  horns  actuate  the  diaphragm  by  magnetic 
attraction  just  as  an  electric  bell  hammer  is  actuated  by  the 
magneto.  In  one  form  the  diaphragm  is  attracted  directly  by  the 
magnet,  in  the  other,  shown  at  B,  the  sound-producing  element  is 
vibrated  by  a  plunger  rod  attached  to  an  armature.  The  mechani- 
cal type  in  which  the  diaphragm  is  moved  by  a  ratchet  wheel  is 


Fig.  276. — Illustration  Sbowtng  How  the  Use 
of  SMelds  Under  the  Iiamp  Bulbs  Bedoces 
Glare  b7  Deflecting  the  Light  Bays  to  the 
Gionnd. 
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the  most  popular  type,  and  makes  the  most  penetrating  noise. 
The  sound  of  a  buzzer  type  horn  may  be  regulated  by  the  adjust- 
ing screw  provided  for  the  purpose. 

A  motor-driven  warning  signal  is  the  latest  addition  to  the 
Stewart  accessory  family.  •  The  motor  is  very  simply  arranged, 
with  the  ratchet  rotor  on  the  end  of  the  armature  shaft  and 
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rig.  277. — Diagram  Showing  Construction  of  Electric  Buzzer  and  Other 

Mechanical  Horns. 


bearing  directly  against  a  stirrup  on  the  diaphragm.  This  ar- 
rangement provides  a  very  simple  and  direct  mechanism  for  pro- 
ducing the  sound.  A  feature  of  the  instrument  is  that  the  motor 
is  completely  assembled  in  itself  and  can  be  slipped  directly  into 
the  housing  of  the  warning  signal.  "With  this  arrangement,  the 
bearings  are  always  in  alignment  and  the  friction  and  resistance 
are  cut  to  a  minimum.  The  front  bearing  at  the  rotor  end  is  a 
bronze  bushing,  while  at  the  other  end  there  is  a  ball  thrust  X,  as 
shown  in  the  illustration  Fig.  278.    The  lubrication  of  the  instru- 
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ment  is  taken  care  of  by  a  ball  oiler  which  provides  a  passage 
directly  to  the  armature  shaft. 

Some  of  the  advantages  claimed  for  the  instrument  by  the 
manufacturer  are  light  weight,  high  speed  with  small  amperage, 
water-tight  winding,  firm  fastenings  to  resist  centrifugal  force, 
hard  drawn  copper  commutator  and  the  winding  which  is  so  ar- 


Pig.  278. — The  Stewart  Electric  Motor  Driven  Warning  Alarm. 

ranged  as  to  provide  maximum  saturation  of  the  fields.  The  tone 
of  the  signal  may  be  adjusted  by  a  sounding  button  in  the  center 
of  the  diaphragm. 

Direction  Indicators. — In  any  city  where  there  is  considerable 
trafBe,  there  is  always  tiie  liability  of  a  car  colliding  with  one  that 
has  suddenly  stopped  without  giving  due  notice  of  the  fact  to 
those  following.     A  number  of  electrically  operated  direction  in- 
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dieators  have  been  devised  to  give  notice  of  an  intention  to  stop 
or  to  turn  with  a  view  of  eliminating  danger  of  collision.  Typical 
devices  of  this  nature  are  shown  in  Fig.  279.  The  Warner  device 
shown  at  A  is  a  very  neat  and  easily  installed  form.  The  external 
apptearance  of  this  device  is  made  clear  by  the  photograph,  which 
also  shows  its  size,  by  comparison  with  the  standard  number  plate. 
The  outer  case  is  brass,  and  inside  there  is  a  glass  cylinder  divided 


into  four  sections,  one  bearing  the  word  "Stop,"  another  colored 
plain  red,  and  the  other  two  labelled  "Turn,"  bearing  arrows 
pointing  to  right  and  left  respectively.  At  the  end  of  the  case 
there  are  three  magnets  which  can  be  caused  to  pull  around  an 
armature  and  turn  the  glass  cylinder  more  or  less  according  to 
which  magnet  is  energized.  In  the  section  this  armature  is  shown 
hanging  in  the  bottom  position  to  which  it  returns  by  gravity  when 
the  magnets  are  deenergized.  The  lamp  is  accessible  from  the  end 
of  the  case,  and  there  is  a  long,  narrow  window  along  the  top  of 
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the  case  through  which  a  shaft  of  light  illuminates  the  registration 
plate. 

It  is  recommended  that  the  control  be  both  by  finger-operated 
switch  and  by  connection  to  the  brake  pedal  for  bringing  the 
**Stop"  signal  into  play.  Normally,  when  there  is  no  current  in 
any  magnet  and  the  armature  lies  at  the  bottom,  it  is  the  plain 
red  section  of  the  glass  cylinder  that  is  opposite  the  rear  window, 
and  this  acts  as  a  tail  light.  A  bell  forms  the  left  end  of  the  outer 
case,  as  can  be  seen  in  the  cut,  and  this  is  arranged  to  ring  every 
time  the  signal  is  operated. 

The  Safetylite  is  the  name  of  a  rear  signal  i^ecently  put  on  the 
market  shown  at  Fig.  279,  B,  which  indicates  the  direction  in 
which  a  car  is  going  to  turn  as  shown  in  the  accompanying  illus- 
tration by  means  of  arrows.  The  device  consists  of  an  aluminum 
casing  containing  electric  bulbs  controlled  from  the  dash  or  steer- 
ing wheel.  The  light  from  the  bulbs  brightens  either  the  right  or 
the  left  arrow  so  as  to  render  it  clearly  visible  to  a  driver  in  the 
rear.    The  signal  is  fitted  with  a  standard  license-plate  bracket. 

The  Pomeroy  signal  is  shown  at  C.  This  also  provides  the  red 
rear  light  and  also  indicates  Left,  Right  and  Stop.  The  drawing 
shows  electrical  operation,  there  being  three  solenoids ;  two  operate 
the  swinging  indicator  lever  to  show  L  or  R  and  the  third  controls 
a  shutter  which  normally  covers  up  the  stop  signal.  Electric  con- 
tacts are  arranged  on  the  steering  wheel  so  that  movement  in  either 
direction  swings  over  the  right  and  left  lever,  and  for  the  stop 
signal  there  is  a  separate  push  button. 

The  Vulcan  Electric  Gearshift. — A  new  system  of  gear  shifting 
has  been  recently  developed  which  depends  on  the  use  of  electric 
current  to  shift  the  gears  instead  of  the  usual  hand  lever.  The 
steering  wheel  is  shown  at  Fig.  280,  with  the  various  speed-chang- 
ing buttons  let  into  a  box  attached  to  the  steering  post  while  the 
wiring  is  as  outlined  at  Fig.  281.  The  operation  of  shifting  a  gear 
is  very  simple,  consisting  merely  of  depressing  the  clutch  pedal  and 
pressing  down  on  the  switch  button  marked  with  the  gear  ratio 
desired.  The  system  is  not  complicated,  the  gears  being  controlled 
by  solenoid  coils,  one  being  used  for  each  forward  speed  and  one 
for  reverse.     Two  switches  are  utilized  between  the  battery  and 
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the  coils,  a  knife  switch  controlled  by  the  clutch  pedal  and  a  push 
button  located  on  the  steering  wheel.  All  changes  of  gears  are 
controlled  by  the  knife  switch  and  the  push  buttons  on  steering 
wheel  merely  arranges  the  circuit  for  the  particular  speed  desired. 
A  glance  at  the  cut  shows  that  the  clutch  pedal  moves  through  a 
link  during  the  first  part  of  its  motion  and  during  the  remainder 

picks  up  the  link  and 
carries  it  along  with 
it.  Thus  the  first 
movement  is  the  regu- 
lar operation  of  the 
clutch,  but  a  continued 
operation  of  the  clutch 
lever  actuates  the  knife 
switch. 

Current  flows  from 
the  battery  through 
the  solenoid  coil  and 
pulls  a  plunger  against 
a  magnet  with  a  force 
which  is  given  as  40 
to  100  pounds'.  This 
energy  is  transmitted 
through  an  arm  to  the 
gear-shifting  fork  and 
gear  in  exactly  the 
same  manner  as  if  the 
gears  were  operated 
with  a  hand  lever. 
The  plungers  are  nor- 
mally in  a  neutral 
position.  When  the 
button  is  pressed  on 
the  control  member, 
current  passes  through 
the  coil  around  one  of 
the  plungers,  drawing 


Fig.  281.  —  Wiring  Diagram  Showing  the 
Method  of  Connecting  the  Vulcan  Electric 
Gear  Shift  with  the  Battery  and  Control 
Switch. 
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it  against  the  magnet.  It  is  said  that  the  current  required  to  make 
the  shift  is  about  17  amperes,  and  it  is  claimed,  further,  that  three 
hundred  speed  changes  may  be  made  with  less  current  consump- 
tion than  is  required  in  starting  the  motor  with  an  electric  start- 
ing device. 


Tig.  282.— simplified  Diagrams  Showing  How  Current  Passed  Throngli  the 
Solenoid  Will  Draw  In  an  Iron  Core  Piece  Wtiich  May  Be  Made  to 
sum  tbe  Gears. 


Ad  advantage  claimed  for  this  electric  gearshift  is  that  the  gears 
cannot  be  stripped,  for  the  reason  that  the  clutch  must  he  disen- 
gaged before  a  shift  can  be  made  and  the  gears  are  always  in 
neutral  before  the  coils  can  accomplish  the  change.    Furthermore, 
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no  two  speeds  can  be  utilized  at  the  same  time,  because  each  speed 
is  governed  independently  of  the  others,  and  an  interlocking  de- 
vice prevents  the  opferator  from  using  any  two  buttons  at  one  time, 
even  if  he  should  make  a  mistaie  or  be  careless. 

The  box  which  contains  the  switches  and  solenoid  coils  shown 
at  Fig.  283  is  mounted  at  the  side  of  the  gear  box,  and  it  is  said 
that  the  device  adds  only  46  pounds  to  the  weight  of  the  chassis. 
On  the  S.  G.  V.  car  the  control  buttons  are  mounted  in  a  neat 


Fig.  283. — The  Vulcan  Electilc   G«ar  Shifting  Element  Designed  for 
Attaclunent  to  Standard  Automobile  Oliange  Speed  G<aTing. 

aluminum  box  on  the  steering  wheel,  one  for  each  speed,  and  one 
for  a  neutral  member.  In  operation  the  system  is  very  simple. 
If,  for  instance,  the  fourth  speed  button  is  pushed  down  and  the 
clutch  is  thrown  out  and  then  re-engaged,  the  car  will  remain  in 
fourth  speed.  When  driving  in  traffic  on  the  third  speed  the  driver 
may  set  the  second  speed  button  and  by  depressing  the  clutch  pedal 
fully  will  automatically  shift  into  second  speed.  In  a  similar  man- 
lier all  other  changes  may  be  made.  The  driver  need  not  lift  his 
hand  from  the  wheel  in  order  to  accomplish  any  change  in  the 
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gears.  Those  who  have  witnessed  the  operation  of  this  device  state 
that  the  system  is  quiet,  the  only  noise  being  a  slight  click  as  the 
gears  engage  when  changed.  This  system  is  also  used  on  the 
Haynes  1914  automobiles  and  several  other  types. 

Hartford  Electric  Brake. — The  brake  is  compact  and  light, 
weighing  only  about  35  pounds.  It  consists  of  a  small  type  of  the 
Hartford  reversible  electric  motor  with  a  worm  and  worm  wheel 
secured  to  a  drum.  To  this  drum  is  attached  a  steel  cable,  the 
other  end  of  which  is  fastened  to  the  brake  equalizer.  (See  Fig. 
284.) 

The  most  important  part  of  the  Hartford  brake  is  the  patented 
controller  which  is  placed  within  easy  reach  of  the  driver's  hand, 
as  shown  in  the  illustration.  By  this  new  device  any  desired  nicety 
in  the  application  of  the  braking  effect  is  obtainable  by  purely  elec- 
trical means.  Actual  demonstration  is  said  to  have  shown  it  to 
be  possible  to  control  a  60  horsepower  car  weighing  over  4,000 
pounds  by  the  mere  pressure  of  one  flbiger  on  the  operating  lever. 

A  two  point  control  is  obtained  with  this  switch,  the  first  point 
giving  enough  braking  power  for  regular  service,  and  the  second 
for  an  emergency  stop.  Pushing  the  switch  back  to  its  original 
position  immediately  disengages  the  brake.  The  idea  of  the  whole 
system  may  be  summed  up  in  a  few  words  by  saying  that  the 
manual  labor  usually  connected  with  brake  operation  is  replaced 
by  the  work  of  a  high  speed,  series  wound  electric  motor  which' 
may  be.  fed  with  current  from  a  storage  battery  or  either  6,  12  or 
24  volts  (for  automobile  purposes,  or  higher  voltage,  if  desired,  for 
other  purposes).  The  armature  shaft  of  this  motor  carries  a  worm 
which  drives  a  worm  gear  at  a  reduction  of  100  to  1.  This  worm 
gear  in  turn  operates  a  drum  through  an  internal  gear  at  a  reduc- 
tion of  4  to  1,  thus  giving  a  total  reduction  of  400  to  1.  On  the 
drum  is  wound  a  steel  brake-pulling  cable  which  transmits  the 
pull  of  the  motor  to  the  brake  mechanism. 

When  running  idle  the  motor  is  capable  of  a  speed  of  10,000 
r.p.m.,  and  when  under  load  it  can  exert  a  pull  of  1,000  pounds 
at  a  speed  corresponding  to  a  quick  application  of  the  hand  emer- 
gency brake.  After  the  pull  exerted  on  the  cable  has  attained  a 
value  of  1,000  pounds,  a  slipping  clutch  prevents  any  further  in- 
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crease,  and  a  ratchet  prevents  the  brake  from  slipping  off.  The 
powerful  pull  exerted  on  the  brake  cable  permits  of  operating  the 
brakes  in  oil.  It  is  stated  that,  the  current  flow  in  applsdng  the 
brake  amounts  to  40  amperes  for  two-fifths  of  a  second  (pre- 
sumably for  a  voltage  of  6).  The  Hartford  brake  replaces  the 
emergency  set  and  is  used  constantly  in  service,  the  foot  brake  re- 


Fig.  2S4. — How  tbe  Hartford  Electric  Brake  Works. 

maining  as  originally  installed,  for  use  if  wanted.  One  advan- 
tageous feature  of  the  Hartford  brake  is  that  it  can  be  easily  at- 
tached to  any  existing  car,  provided  it  is  equipped  with  a  storage 
battery. 

Electric  Air  Heater. — Nearly  every  starting  difficulty  with 
automobile  motors  is  due  to  poor  carburetion  arising  from  the  low 
♦"•nperature  of  the  air  and  the  fuel.    It  must  not  be  foi^tten  that 
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the  vaporization  of  a  liquid  extracts  heat  from  the  gas  or  air  in 
which  the  vaporization  takes  place,  so  that  if  we  start  with  cold 
air  it  becomes  still  colder  by  the  time  it  has  taken  up  the  gasoline 
spray.    If  the  original  air  temperature  is  low  enougb  the  result  of 
the  chilling  action  of  the  gasoline  may  easily  result  in  the  latter 
l>eii^  thrown  down  in  the  manifold  and  cylinder  in  liquid  form, 
and  in  such  a  case  it 
is     only     the     lighter 
fractions  in  the  gaso- 
line that  mix  with  the 
air   and    give    an   ig- 
nitable  gas.     Often  in 
actual   fact   it    is    the 
heat  generated  by  the 
compression  of  air  in 
the  engine  that  causes 
the  deposited  gasoline 
to    vaporize    and    this 
sometimes  explains 
why  a  motor  will  start 
after     repeated     spin- 
ning   following    injec- 
tion   of    raw    f  u  e  1 .  ■ 
Since  the  modem  ear 
has   always   plenty   of 
electricity  available  it 
is    a    natural    enough 
idea  to  utilize  some  of 
it  for  heating  up  the 

air  to  be  used  for  starting  purposes,  and  one  of  the  neatest  devices 
having  this  end  in  view  is  the  Paul  preheater,  illustrated  at  A, 
Fig.  285.  This  is  a  section  through  the  apparatus  which  is  in- 
tended to  be  inserted  in  the  middle  of  the  hot-air  pipe  of  the  car- 
buretor; the  split  ends  of  the  preheater  in  conjunction  with  the 
cap  nuts  enable  it  to  be  gripped  on  flexible  pipe  if  desired,  so 
attachment  is  easy.  Inside  the  chamber  there  ig  a  coil  of  flat  metal 
strip  having  a  fairly  high  resistance,  and  the  ends  of  this  strip 


Fig.  285. — SecUoual  View  at  A  Shows  Oon- 
atrnction  of  Air  Wanner  to  Facilitate  Car- 
bnretlon  in  Oold  Weather.  Section  of  a 
Frotective  Circuit  Breaker  Outlined  at  B. 
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are  fixed  to  the  two  terminals  shown.  A  wire  is  run  from  the 
cranking  battery  to  one  of  these  terminals,  and  the  return  wire 
passes  through  a  switch  which  can  conveniently  be  located  in  the 
cowl.  To  use  the  heater  it  should  be  switched  on  about  half  a 
minute  before  cranking  and  the  carburetor  primed  in  the  usual 
way.  As  soon  as  the  motor  starts,  the  exhaust  pipe  heats  up  and 
there  is  no  more  need  for  the  preheater,  so  it  can  then  bo 
switched  oif. 

Automatic  Safety  Switch.— Fuses  in  an  automobile  lighting 
circuit  are  always  a  possible  source  of  trouble,  though  they  happen 
very  seldom.  Their  purpose  is  to  prevent  the  wires  in  the  circuit 
from  being  overloaded  and  they  are  a  great  safeguard.  The 
trouble  comes  when  some  accident  causes  a  short  circuit,  a  rush 
of  current  and  a  *^blow.''  It  is  then  necessary  to  replace  the  fuse 
by  a  new  one,  after  locating  and  curing  the  fault.  Thus  spare 
fuses  have  to  be  carried,  as  it  is  extremely  dangerous  to  cut  out 
a  fuse  by  wiring  it  up  with  a  bit  of  copper  as  is  often  done  in 
emergency  when  no  spare  fuse  is  available.  The  Hartman  auto- 
matic switch  at  Fig.  385,  B,  is  a  simple  mechanical  device  which 
automatically  switches  off  any  circuit  if  the  current  in  it  exceeds 
the  safe  amount.  It  is  operated  by  a  small  electro-magnet  that 
pulls  the  contacts  apart  directly  the  current  becomes  too  strong. 
Thus  it  is  as  effective  as  the  fuse,  while  no  part  of  it  bums  out 
to  give  the  break  in  the  circuit.  All  sorts  of  units  are  made  from 
a  single  switch  to  gang  switches  that  can  control  every  circuit  on 
a  car. 

Lighting  Gas  by  Electric  Spark. — Many  automobiles  are  in 
use  that  are  not  equipped  with  electric  lighting  systems,  and  in 
which  stored  acetylene  gas  is  employed  for  the  headlights.  An 
electric  lighter  which  may  be  used  to  light  the  burners  without 
the  driver  leaving  the  seat  is  clearly  shown  at  Fig.  286.  This  is 
a  type  which  robs  the  engine  of  a  spark  for  an  instant  while  the 
gas  is  being  lighted,  a  push  button  on  the  dash  diverting  the  high 
tension  current  from  a  secondary  wire  to  the  sparking  points  in 
the  headlights.  The  gas  regulation  is  very  simple,  no  automatic 
reduction  valve  being  necessary.  A  small,  high  pressure  tube  leads 
^      ^  the  gas  tank  to  a  control  valve  and  a  regulating  valve  on  the 
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dash,  the  former  being  beside  the  push  button  to  open  or  close  as 
desired,  while  the  regulating  valve  is  on  the  engine  side  of  the  dash, 
and  is  set  as  desired  for  securing  the  proper  pressure  at  the 
burners. 

Low  Volta.ge  Electric  Vulcanizers. — The  Premier  is  an  electric 
vulcanizer  weighing  but  two  pounds  and  is  shown  at  Fig.  287. 
This  device  operates  from  the  6-volt  stprage  battery  usually  car- 
ried in  the  car  and  is  provided  with  a  thermostat  which  automati- 
cally cuts  off  the  cur- 
rent as  soon  as  the 
vulcanizer  attains  the 
correct  heat  for  vul- 
canizing the  repair  on 
shoe  or  inner  tube.  It 
will  take  any  size  tire 
up  to  5  in.  diameter. 
The  vulcanizer  may  be 
used  either  in  a  garage 
or  on  the  road,  being 
simply  clamped  to  the 
tube  or  casing,  two 
wires  being  connected 
to  the  battery  and 
cont  act  applied 
through  a  button.  The 
simplicity  of  operation 
of  the  device  is  said 
to  render  it  of  value 

in  quickly  healing  up  small  cuts  in  casings  as  soon  as  discovered, 
thereby  preventing  moisture  from  working  in  and  rotting  the 
fabric. 

The  thing  which  keeps  most  motorists  from  doing  their  own 
repairs  to  punctured  air  tubes,  is  the  trouble  of  the  process,  but 
the  electric  type  of  vulcanizer  certainly  helps  to  minimize  this. 
One  of  the  simplest,  lightest  and  smallest  machines  is  the  Corbett 
&  De  Coursey  shown  at  the  right  in  Fig.  287,  which  also  works  off 
any  six  volt  storage  battery  and  so  allows  repairs  to  be  made  on 


Gas  Corrfrol 


Fig.  286. — ^Haw  Acetylene  Gas  May  Be  Ig- 
nited by  Electric  Spark. 
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the  roaij.  It  should  be  quite  ea^  to  vulcanize  a  tube  while  run- 
ning the  ear,  as  the  vulcanizer  is  so  light  that  it  could  be  held  by 
any  passenger  without  fatigue.  With  the  machine  is  a  thermometer 
which  allows  the  temperature  to  be  controlled,  and  also  a  length 


of  flexible  wire  furnished  with  a  socket  to  fit  the  usual  inspection 

lamp  holder  on  the  dashboard. 

Simple  Rectifier. — The  Weatinghouse  vibrating  rectifier  shown 

at  Fig.  288  is  a,  compact  and  simple  device  invented  for  charging 
6-volt  batteries  from  al- 
ternating current.  All 
that  is  necessary  is  to 
connect  the  attachment 
plug  to  a  lamp  socket 
and  the  wires  from  the 
binding  posts  to  the 
battery,  and  turn  the 
switch.  Then  leave 
the     battery     until 

_                _  charged,    without    any 

Fig.    288.— Tile    Wostingliouae  Eectlfior    for          .^     .•             .     ^ 

Charging  Storage   BaUerles  From  Alter-       a"e°tion     whatever. 

-      -mating  Currant.  There   are   no   adjust- 
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ments  to  be  made  and  no  parts  that  require  frequent  renewal.  The 
rectifier  can  be  used  on  any  100  to  120-volt,  60-cycle  circuit,  charg- 
ing three  cells  at  a  rate  of  8  to  8J/2  amperes. 

The  Entz  Electric  Transmission. — In  the  Entz  electric  trans- 
mission system  shown  at  Fig.  289  there  are  two  dynamos  arranged 
tandem  fashion.  These  are  connected  up  mechanically  in  such  a  way 
that  the  efficiency  is  much  higher  than  that  secured  by  the  use  of 
the  gasoline-electric  systems  described  at  other  points  in  this  book. 
The  field  frame  of  the  first  dynamo  is  attached  to  the  crankshaft  of 
the  engine,  and  when  the  armature  circuit  is  closed,  the  armature 
will  also  revolve  and  thereby  propel  the  car,  acting  exactly  the  same 
as  a  slipping  clutch,  the  amount  of  slip  being  subject  to  control. 
The  armature  is  attached  directly  to  the  driving  shaft,  as  is  that  of 
the  motor  placed  back  of  the  generator.  When  one  transmits  power 
through  a  slipping  clutch,  one  cannot  get  any  more  from  it  than 
is  put  into  it.  If  friction  clutch  slips  fifty  per  cent.,  one-half  of 
the  energy  supplied  to  it  is  converted  by  friction  into  heat.  Simi- 
larly in  the  dynamo  or  generator  of  the  Entz  system,  if  that  mem- 
ber turns  only  half  as  fast  as  the  field  frame,  only  one-half  of  the 
power  supplied  to  the  field  is  mechanically  transmitted.  The 
other  half  appears  in  the  form  of  an  electric  current  in  the  arma- 
ture circuit.  If  the  armature  were  short  circuited,  then  all  of  this 
electrical  energy  would  be  converted  into  heat.  Under  conditions 
of  light  running,  however,  when  the  high  gear  or  direct  drive 
would  be  used  in  a  car  equipped  with  a  sliding  gear  transmission, 
the  armature  of  the  Entz  system  is  short  circuited,  but  the  slippage 
and  loss  then  amounts  to  only  a  few  per  cent. 

When  the  resistance  to  car  movement  is  greater,  so  that  a  lower 
gear  must  be  employed  in  the  gear  driven  cars,  with  the  Entz  sys- 
tem, the  current  produced  in  the  first  armature  by  the  slip  is  sent  to 
the  windings  of  the  motor  where  it  produces  useful  mechanical 
power.  As  the  armature  of  the  motor  is  secured  to  the  propeller 
shaft  it  transforms  the  electrical  energy  produced  by  the  slip  at  the 
generator  to  mechanical  power,  which  supplements  that  transmitted 
by  the  generator  armature.  The  windings  of  the  second  machine 
are  such  that  the  electric  system  can  increase  the  torque  or  turning 

Tt  of  the  engine  three  times,  at  the  same  time  reducing  the  speed 
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of  driving  pinion  rotation  at  the  rear  axle  to  one-third  that  of  the 
engine  speed.  The  engine  is  permitted  to  develop  its  full  power, 
and  to  turn  at  such  speed  as  is  necessary  to  secure  this  effect,  and 
when  the  resistance  to  road  wheel  rotation  is  such  that  these  must 
turn  slower,  instead  of  slowing  up  the  engine  speed  it  may  be  kept 
at  the  same  point  and  the  armature  of  the  generator  allowed  to 
slip  and  generate  current,  which  is  then  directed  to  the  second 
machine. 

This  system  was  first  devised  eight  or  nine  years  ago,  and  has 
been  recently  reintroduced  in  an  improved  and  simplified  form. 
The  appearance  of  the  unit  is  clearly  shown  at  Fig.  289.  Bolted 
to  the  rear  of  the  engine  crankshaft  is  an  aluminum  housing,  which 
carries  tHe  electrical  system.  Two  arms  on  this  crank  case  rest  on 
the  chassis  frame  to  support  it.  Inside  of  the  housing  is  another 
case  boltied  to  a  flange  at  the  rear  end  of  the  crankshaft.  This  is 
the  frame  of  the  forward  unit  of  transmission,  which  carries  the 
field  coils,  and  which  acts  as  a  fly-wheel  for  the  engine.  To  the 
rear  end  of  the  stationary  outside  housing  the  field  frame  of  the 
rear  electrical  unit,  which  is  intended  to  be  stationary,  is  attached. 
The  armatures  of  both  units  are  carried  upon  a  large  tubular  shaft 
supported  by  annular  ball  bearings.  The  armature  shaft  is  con- 
nected directly  to  the  propeller  shaft,  and  when  the  car  is  stand- 
ing still,  the  armature  shaft  is  stationary,  whereas  when  running 
in  the  high  speed  position  of  the  controller  lever,  it  turns  at  practi- 
cally the  same  speed  as  the  engine  crankshaft. 

The  action  may  be  described  as  follows :  When  the  car  is  stand- 
ing still  with  the  engine  running,  the  field  of  the  forward  electrical 
unit,  which  is  called  the  ** generator,"  is  rotated  with  the  engine 
crankshaft  to  which  it  is  fastened  while  the  armature  remains 
stationary.  At  this  time  all  electrical  circuits  are  open  and  there 
is  no  tendency  for  the  engine  to  drive  the  car.  When  the  con- 
troller lever  is  thrown  into  the  first,  or  *^soft  start,''  position,  a  cir- 
cuit is  closed  through  both  the  generator  and  the  rear  unit,  which 
is  called  the  motor.  The  generator  then  begins  to  produce  a  cur- 
rent which  is  fed  into  the  motor.  At  the  same  time  there  is  power 
applied  to  the  armature  shaft  equal  to  the  engine  tendency  to  turn 
the  shaft  in  the  same  direction  as  the  crankshaft.     The  current 


490        Starting,  lighting  and  Ignition  Systems 

produced  by  the  slip  owing  to  the  difference  in  speed  between 
generator  field  and  armature,  is  being  fed  into  the  motor,  which  also 
turns  the  shaft  in  the  same  direction  as  that  produced  by  the  nu^- 
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uetic  clutch.  In  other  positions  of  the  controller  np  to  the  high 
speed  position  different  arrangements  of  resistances  change  the 
speed  ratio  between  engine  and  propeller  shaft,  but  there  are  no 
off  points  between  the  various  notches,  so  the  application  of  power 
"      ^e  wheels  is  not  interrupted  in  changing  speeds.    When  the 
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high  speed  position  is  reached,  there  i&  no  electrical  connection  be- 
tween the  generator  and  the  motor.  The  former  is  short  circuited, 
and  acts  as  an  electrical  or  magnetic  clutch.  When  it  is  desired  to 
secure  reverse  speeds,  a  mechanically  operated  planetary  reverse 
gearing  is  used,  which  changes  the  direction  of  rotation  of  the 
driving  pinion.  When  the  controller  lever  is  in  ''off"  position,  the 
rear  unit  is  short  circuited  and  it  will  act  as  an  electrical  brake, 
preventing  the  car  coasting  down  hill  faster  than  ten  miles  per 
hour.  When  actually  applied  in  a  car,  current  may  be  shunted 
from  the  generating  unit  to  charge  a  battery,  which  may  be  used 
for  lighting  and  ignition,  and  the  current  of  which  may  be  directed 
through  the  electrical  machine  when  it  is  desired  to  start  the  engine. 
Tjrpical  Lighting  System. — In  order  to  show  clearly  the  wide 
use  that  is  made  of  electric  current,  even  on  cars  not  provided  with 
an  electric  starting  motor,  wiring  diagrams  are  shown  at  Fig.  290 
which  represent  tbe  frame  and  body  wiring  of  a  Packard  touring 
car  without  starting  motor.  This  wiring  is  used  solely  for  con- 
veying battery  current  to  the  lamps  and  other  current-consuming 
units,  which  includes  a  Klaxon  horn  and  speedometer  light  in  ad- 
dition to  the  usual  lighting  equipment  of  six  lamps.  Two  rear 
lamps  are  provided,  one  of  these  the  usual  red  signal  specified  by 
law,  the  other  is  a  white  light  used  to  illuminate  the  license  tag. 
In  order  to  make  it  possible  to  remove  the  body  from  the  chassis 
without  destroying  the  wiring,  the  current  conductors  are  run  in 
two  independent  groups,  one  being  secured  to  the  body,  the  other 
running  through  suitable  conduits  attached  to  the  frame.  The 
upper  view  shows  the  body  wiring  with  the  storage  battery  con- 
nected, though  this  member  is  carried  by  the  frame  and  has  a 
connector  which  may  be  readily  broken  when  desired  to  join  the 
battery  with  the  body  junction  box.  Among  the  appliances  car- 
ried by  the  body  may  be  mentioned  the  side  lamps,  the  speedometer 
and  dash  lights,  the  Klaxon  horn,  and  the  two  tail  lamps.  The 
arrangement  of  the  wiring  is  clearly  shown  in  the  illustration,  the 
method  of  running  the  wires  from  the  junction  box  to  the  various 
units  is  clearly  defined.  Attached  to  the  chassis  are  the  two  head 
lights,  the  storage  battery,  and  the  lighting  generator.  In  this 
system  the  generator  is  used  to  charge  the  storage  battery,  the  cut- 
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rent  going  through  the  usual  automatic  cutout  switch  to  prevent 
a  reversal  of  current  at  such  times  that  the  generator  is  not  sup- 
plying enough  energy  to  charge  the  battery.  As  is  true  of  the  dia- 
gram presented  above,  all  of  the  circuits  are  clearly  shown  and  may 
be  readily  followed  by  any  one. 

New  Things  in  Electrical  Lamps. — ^Designers  of  automobiles 
have  not  been  slow  in  adapting  the  lamps  used  in  their  electric  light- 
ing systems  to  secure  various  advantages  in  mounting  or  by  combin- 
ing several  lamps  to  simplify  installation.  At  Fig.  291,  A,  the  secure 
method  of  attaching  the  headlights  on  the  Pierce- Arrow  automo- 
bile by  having  the  lamp  case  securely  attached  to  the  mud  guard 
is  shown.  The  combination  of  small  and  high  candle-power  bulbs 
in  one  lamp  used  on  the  Packard  cars  is  shown  at  B.  This  is  made 
necessary  because  in  some  communities  the  law  is  very  stringent 
against  glare  from  headlights.  When  used  in  a  city  the  small 
lamps,  which  are  of  low  candle-power,  may  be  used,  while  the 
headlights  can  be  turned  on  when  in  the  country.  The  combina- 
tion of  the  two  lamps  used  on  Locomobile  is  shown  at  D.  In  this 
the  low  candle-power  bulb  is  placed  in  the  upper  part  of  the  lamp. 
The  secure  method  of  fastening  the  tail  light  and  license  plate 
carrier  on  the  rear  of  a  Packard  mud  guard  is  shown  at  C. 

The  internal  construction  of  a  double  bulb  lamp  is  shown  at  H. 
In  this  the  small  bulb  for  city  work,  which  is  termed  the  pilot  bulb, 
is  carried  in  a  socket  at  the  top  of  the  reflector  in  such  a  way  that 
its  rays  are  reflected  to  the  ground  instead  of  producing  a  glare,  as 
the  main  bulb  does,  because  it  is  at  the  proper  focal  point  of  the 
parabolic  reflector.  The  pilot  bulb  is  intended  for  city  driving,  or' 
when  the  car  is  standing  idle  at  night.  A  number  of  devices  have 
been  introduced  to  reduce  glare,  these  consisting  of  special  re- 
flectors, or  special  lens  glasses  for  the  front  of  the  lamp.  A  sim- 
ple device,  which  is  shown  at  E,  consists  of  a  metal  shield,  which 
fits  close  to  the  lower  half  of  the  headlight  bulb,  throwing  all  on 
the  light  rays  against  the  upper  half  of  the  reflector.  It  is  said 
that  this  makes  the  light  upon  the  roadway  more  intense  than 
when  the  deflector  is  not  used  but  prevents  any  rays  from  rising 
more  than  four  feet  from  the  ground. 

A  peculiar  form  of  glareless  headlight,  which  is  known  as  the 
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Roffy,  has  been  recently  introduced,  this  being  of  the  unconven- 
tional form  shown  at  Fig,  291,  G.  The  amount  of  light  syllable 
depends  upon  the  candle-power  of  the  bulb  used.    The  bulb  is  ear- 


Fig.  293. — ^Portable  Electric  LtuDps  DsBlgned  to  Opeiate  on  Dtr  Batterjr 
Omrnit  Shown  at  A,  B  and  0.    Dirigible  Search  Iilght  Staown  at  D. 

ried  at  the  lower  portion  of  a  vertical  tube  very  little  over  two 
inches  in  diameter.  The  lamp  ie  a  special  mushroom  shape,  and 
immediately  above  it  is  a  plsno-convei  condensing  lens  that  collects 
the  light.    Immediately  above  this  is  another  lens  of  double  con- 
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vei  form  which  converges  the  light  and  throws  it  against  the  in- 
clined mirror  at  the  top,  which  in  turn  throws  is  through  a  pro- 
jection lens,  which  forms  the  front  glass.  This  compensates  for 
the  color  distortion  introduced  by  the  condensing  lens.    The  rea- 
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A — Edlswau  bouble  Contact.  B — Edlawaji  Single  Contact.  0 — Di- 
mensioiu  of  Standard  Edlswan  Double  Contact  Socket.  B — CoiiBtrnc- 
Uon  of  Connector.  E — Edlswan  Soable  Contact  Con;aectoi  for  Appli- 
cation to  SeaichllKlits. 


son  why  the  lamps  are  glareless  is  that  they  throw  a  very  sharply 
defined  cone  of  light,  whose  rays  are  so  inclined,  due  to  the  angles 
of  the  mirror,  that  the  upper  beam  is  parallel  to  the  ground.  As 
the  light  never  rises  above  its  source,  which  is  lower  than  the 
height  of  a  man's  eyes,  there  is  no  glare. 

An  unconventional  form  of  searchlight  for  use  in  the  cowl  dash 
is  shown  at  F,     This  is  known  as  the  "eye-ball"  type,  owing  to 
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the  fact  that  the  body  of  the  lamp  is  spherically  formed,  which  per- 
mits of  the  projected  beam  being  turned  at  wili  through  an  angle  of 
about  eighty  degrees  in.  both  horizontal  and  vertical  planes.  The 
body  of  the  lamp  is  held  between  two  rings  secured  to  the  pressed 
steel  cowl.  The  lamp  can  be  used  as  a  dirigible  searchlight  for 
reading  signposts,  etc.,  while,  if  an  extension  eord  ia  provided,  the 
lamp  shell  can  be  taken  directly  ont  of  its  socket  and  used  tc^ 
investigate  trouble  at  any  point  on  the  car.  This  is  a  French 
invention. 

The  development  of  the  tungsten  filament  bulb  has  made  it  pos- 
sible to  secure  very  satisfactory  light  from  ordinary  dry  cell  eur- 
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rent.  Two  forms  of  hand  lanterns  nsing  dry  battery  current  are 
shown  at  I  and  J.  That  at  J  is  a  simple  fitting  designed  to  be 
attached  to  any  dry  battery  having  a  handle  by  which  it  may  be 
carried.  The  form  at  I  has  the  dry  battery  inserted  in  a  suitable 
metal  carrying  case,  which  makes  a  much  neater  arrangement. 

The  construction  of  the  various  forms  of  electric  lamps  used  in 
motor  car  lighting  systems  is  clearly  shown  in  Pig,  292.  The 
lamp  outlined  at  A  is  a  combination  form,  designed  to  use  either 
kerosene  or  electricity,  the  former  being  used  only  in  event  o£ 
failure  of  the  latter.    The  side  lamp  at  B  is  a  neat  form,  intended 
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to  use  eleetricity  only.  Dash,  coil  and  speedometer  lamps  are  de- 
picted at  C.  A  combination  trouble  lamp  and  cigar  lighter  is 
shown  at  D.  The  trouble  lamp  at  E  is  an  easily  portable  form 
and  is  convenient  for  use  around  the  power  plant,  gasoline  tank^ 
etc.,  deriving  its  current  from  the  regular  battery.  A  combination 
tail  lamp,  having  red  lens  at  the  rear  and  a  white  glass  at  the 
side  to  illuminate  the  number  plate,  is  shown  at  P.  The  approved 
construction  of  a  variable  focus  electric  head  lamp  is  shown  at  G. 

The  simple  attachment  shown  at  Fig.  293,  A,  is  intended  to  con- 
vert any  dry  cell  to  a  convenient  inexpensive  and  portable  electric 
lantern.  It  consists  of  a  reflector  carried  by  a  frame  that  attaches 
to  the  terminals  of  the  dry  cell.  To  take  the  strain  from  the  ter- 
minals when  the  cell  is  carried,  a  supplementary  clamping  band  is 
also  secured  to  the  handle,  this  being  fastened  to  the  top  of  the  cell. 

The  feature  of  the  Federal  electric  hand  lantern  shown  at  B, 
is  that  it  casts  no  shadow  on  the  ground  beneath  it.  Instead  of 
having  the  lamp  at  the  top  with  a  solid  base  beneath,  it  has  an 
open  foot  consisting  of  a  ring  and  four  legs,  so  that  the  light  is 
strong  immediately  under  the  hand  of  the  person  carrying  it  as 
well  as  spread  all  around.  It  is  fed  with  current  from  a  special 
dry  cell  that  is  easy  to  replace,  and  clips  are  supplied  to  fasten 
the  lamp  to  the  running  board  of  the  car.  It  is  very  compact  when 
folded  and  the  lamp  bulb  is  well  protected,  while  there  is  a  space 
inside  the  dry  cell  where  a  spare  bulb  can  be  put. 

For  automobiles  without  electric  lighting  sets  when  a  moderate 
illumination  is  required  now  and  then  for  short  periods,  there 
is  a  great  deal  in  favor  of  dry  batteries  as  a  source  of  current,  as 
they  are  less  trouble  to  look  after  than  oil  lamps.  The  Wireless 
Autolight  depicted  at  C  is  a  weU-made  case  supplied  with  a  lamp 
and  reflector,  glazed  in  white,  green  or  red.  It  takes  a  standard 
No.  6  cell. 

Searchlights  of  the  form  shown  at  D  are  also  becoming  popular 
because  these  are  carried  on  dirigible  brackets  attached  to  the 
windshield  or  any  other  convenient  part  of  the  car  and  the  beam 
of  light  can  be  directed  against  sign  boards,  around  curves,  etc., 
at  the  operator's  pleasure. 
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Novel  Bulb  Designs. — Combining  two  separate  and  distinct 
lights  in  one,  the  Tnlite  bulb,  shown  at  A,  Fig.  295,  is  designed 
solving  the  headlight  glare  problem.  Two  types  of  this  bulb  are 
shown,  type  E  being  inserted  in  the  lamp  with  the  minor  filament 
above  the  major,  projecting  the  light  to  the  roadway  at  short  range. 
This  allows  the  focusing  of  a  strong  headlight  as  far  ahead  as 
desired  and,  when  switching  to  the  minor  filament,  a  good  driving 
light  at  40  to  75  feet  in  front  of  the  car.  Type  A  has  a  minor 
filament,  mostly  surrounding  the  major  and  diffuses  the  light  in  a 
general  way,  covering  eight  to  ten  times  the  area  of  the  major  fila- 
ment when  lighted.  The  standard  Tulite  bulb  is  4  candlepower  on 
the  minor  and  20  candlepower  on  the  major  filament,  but  other 
combinations  are  furnished. 

A  new  type  of  headlight  bulb  is  the  Argon  depicted  at  B,  which 
is  filled  with  nitrogen  gas,  put  into  it  by  pressure.  This  gas  con- 
tains a  small  percentage  of  argon,  about  2  per  cent.,  which,  the 
maker  claims,  permits  the  use  of  a  higher  voltage  for  a  given  fila- 
ment. The  filament  is  of  drawn  tungsten  wire  and  is  so  coiled  that 
when  properly  focused  the  lamp  does  not  produce  dark  rings. 
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AUTOMOBILES  AND  MOTORCYCLES 

THE  MODERN  GASOLINE  AUTOMOBILE— ITS  DESIGN,  CONSTRUCTION, 
MAINTENANCE  AND  REPAIR.    By  Victor  W.  Pag6,  M.E. 

The  latest  and  most  complete  treatise  on  the  Gasoline  Automobile  ever  issued.  Writtea 
in  simple  language  by  a  recognized  authority,  familiar  with  every  branch  of  the  auto- 
mobile industry.  Free  from  technical  terms.  Everything  is  explained  so  simply 
that  anyone  of  average  intelligence  may  gain  a  comprehensive  knowledge  of  the 
gasoline  automobile.  The  information  is  up-to-date  and  includes,  in  addition  to  an 
exx>osition  of  principles  of  construction  and  description  of  all  types  of  automobiles  and 
their  components,  valuable  money-saving  hints  on  the  care  and  operation  of  motor- 
cars propelled  by  internal  combustion  engines.  Among  some  of  the  subjects  treated 
might  be  mentioned:  Torpedo  and  other  symmetrical  body  forms  designed  to  reduce 
air  resistance;  sleeve  valve,  rotary  valve  and  other  types  of  silent  motors;  increasing 
tendency  to  favor  ii^orm-gear  power-transmission;  imiversal  application  of  magneto 
ignition;  development  of  automobile  electric-lighting  systems;  block  motors;  under- 
slimg  chassis;  application  of  practical  self-starters;  long  stroke  and  offset  cylinder 
motors;  latest  automatic  lubrication  systems;  silent  chains  for  valve  operation  and 
change-speed  gearing;  the  use  of  front  wheel  brakes  and  many  other  detail  refinements. 
By  a  careful  study  of  the  pages  of  this  book  one  can  gain  practical  knowledge  of  auto- 
mobile construction  that  will  save  time,  money  and  worry.  The  book  tells  you  just 
what  to  do,  how  and  when  to  do  it.  Nothing  has  been  omitted,  no  detail  has  been 
slighted.  Every  part  of  the  automobile,  its  equipment,  accessories,  tools,  supplies, 
spare  parts  necessary,  etc.,  have  been  discussed  comprehensively.  If  you  are  or 
intend  to  become  a  motorist,  or  are  in  any  way  interested  in  the  modem  Gasoline 
Automobile,  this  is  a  book  you  cannot  afford  to  be  without.  Over  850  6x9  pages — 
and  more  than  600  new  and  specially  made  detail  illustrations,  as  well  as  many  full- 
page  and  double-page  plates,  showing  all  parts  of  the  automobile.  Including  12  large 
folding  plates.    Price $2.60 

WHAT   IS    SAID   OF   THIS   BOOK: 

**  It  is  the  best  book  on  the  Automobile  seen  up  to  date." — J.  H.  Pile.  Associate  Editor 
Automobile  Trade  Journal. 

"Every  Automobile  Owner  has  use  for  a  book  of  this  character." — The  Tradesman. 

•*This  book  is  superior  to  any  treatise  heretofore  publish^  on  the  subject." — The 
Inventive  Age. 

*'  We  know  of  no  other  volume  that  is  so  complete  in  all  its  departments,  and  in  which 
the  wide  field  of  automobile  construction  with  its  mechanical  intricacies  is  so  plainly 
handled,  both  in  the  text  and  in  the  matter  of  illustrations." — The  Motorist. 

"The  book  Us  very  thorough,  a  careful  examination  failing  to  disclose  any  point  in 
connection  with  me  automobile,  its  care  and  repair,  to  nave  been  overlooked." — 
Iron  Age. 

"Mr.  Pag6  has  done  a  great  work,  and  benefit  to  the  Automobile  Field." — ^W.  C. 
Hasford,  Mgr.  Y.  M.  O.  A.  Automobile  School,  Boston,  Mass. 

"It  is  just  the  kind  of  a  book  a  motorist  needs  if  he  wants  to  imderstand  his  car." — 
American  Thresherman. 

THE  MODEL  T  FORD  CAR,  ITS  CONSTRUCTION,  OPERATION  AND  REPAIR. 

By  Victor  W.  Pag£,  M.E. 

This  is  a  complete  instruction  book.  All  parts  of  the  Ford  Model  T  Car  are  described 
and  illustrated;  the  construction  is  fully  described  and  operating  principles  made 
clear  to  everyone.  Every  Ford  owner  needs  this  practical  book.  .  You  don't  have  to 
guess  about  the  construction  or  where  the  trouble  is.  as  it  shows  how  to  take  all  parts 
apart  and  how  to  locate  and  fix  all  faults.  The  writer,  Mr.  Pag6,  has  operated  a  Ford 
car  for  four  years  and  writes  from  actual  knowledge.  Among  the  contents  are: 
1.  The  Ford  Car.  Its  Parts  and  Their  Functions.  2.  The  Engine  and  Auxiliary 
Groups.  How  the  Engine  Works — The  Fuel  Sui)ply  System — The  Carburetor — 
Making  the  Ignition  Spark — Cooling  and  Lubrication.  3.  Details  of  Chassis. 
Change  Speed  Gear — ^Pdwer  Transmission — Differential  Gear  Action — Steering  Gear 
— ^Front  Axle — Frame  and  Springs — Brakes.  4.  How  to  Drive  and  Care  for  the  Ford. 
The  Control  System  Explamed — Starting  the  Motor — Driving  the  Car — ^Locating 
Boadside  Troubles — Tire  Repairs — Oiling  the  Chassis — ^Winter  Care  of  Car.  5.  Sys- 
tematic Location  of  Troubles  and  Remedies.  Faults  in  Engine — Faults  in  Carburetor 
— Ignition  Troubles — Cooling  and  Lubrication  System  Defects — ^Adjustment  of 
Transmission  Gear — General  Chassis  Repairs.  95  illustrations.  300  pages.  Two 
large  folding  plates.    Price $1.00 
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AUtOMOBILE  REPAIRING  MADE  EASY.    By  Victob  W.  Pag6.  M.E. 

A  comprehensive,  practical  expcNsition  of  every  phase  of  modem  automobile  repairing 
practice.  Outlines  every  process  Incidental  to  motor  car  restoration.  Gives  plans  for 
workshop  construction,  suggestions  for  equipment,  power  needed,  machinery  and  tools 
necessary  to  carry  on  the  business  successfully.  Tells  how  to  overhaul  and  repair  all 
parts  of  aU^utomobiles.  Everything  is  explained  so  simply  that  motorists  and  students 
can  acquire  a  full  working  knowledge  of  automobile  repairing.  This  work  starts  with 
the  engine,  then  considers  carburetion,  ignition,  cooling  and  lubrication  systems.  The 
clutch,  change  speed  gearing  and  transmission  system  are  considered  in  detail.  Contains 
instructions  for  repsdring  all  types  of  axles,  steering  gears  and  other  chassis  parts. 
Many  tables,  short  cuts 'in  flgunng  andi  rules  of  practice  are  given  for  the  mechanic. 
Explains  fully  valve  and  magneto  timing,  "tuning"  engines,  systematic  location  of 
trouble,  repair  of  ball  and  roller  bearings,  shop  kinks,  first  aid  to  injured  and  a  multi- 
tude of  subjects  of  Interest  to  all  in  the  garage  and  repair  business. 

This  book  contains  special  instructions  on  electric  starting,  lighting  and  ignition  systems, 
tire  repairing  and  rebuilding,  autogenous  welding,  brazing  and  soldering,  heat  treatment  of 
steel  J  laiest  timing  pra^Mce,  eight  and  twelve-cylinder  motors,  etc.  5^x8.  Cloth.  1050 
pages.  1,000  illustrations,  11  folding  plates.    Price. $8.00 

WHAT  IS  SAID  OP  THIS  BOOK : 

•*  'Automobile  Repairing  Made  Easy*  is  the  best  book  on  the  subject  I  have  ever  seen 
and  the  only  book  I  ever  saw  that  is  of  any  value  in  a  garage." — fYed  Jeffrey,  Martins- 
burg.  Neb. 

"I  wish  to  thank  you  for  sending  me  a  copy  of  'Automobile  Repairing  Made  Easy.*  I 
do  not  think  it  could  be  excelled." — S.  W.  Gisriel,  Director  of  Instruction,  Y.  M.  C.  A., 
Philadelphia.  Pa. 

QUESTIONS  AND  AlfSWERS  RELATING  TO  MODERN  AUTOMOBILE  CON- 
STRUCTION, DRIVING  AND  REPAIR.    By  Victor  W.  Pag£,  M.E. 

A  practical  self-instructor  for  students,  mechamcs  and  motorists,  consisting  of  thirty- 
six  lessons  in  the  form  of  questions  and  answers,  written  with  special  reference  to  the 
requirements  of  the  non-technical  reader  desiring  easily  imderstood,  explanatory 
matter  relating  to  all  branches  of  automobiling.  The  subject-matter  is  absolutely 
correct  and  explained  in  simple  language.  If  you  can't  answer  all  of  the  following 
questions,  you"  need  this  work.  The  answers  to  these  and  nearly  2000  more  are  to 
be  found  in  its  pages.  Give  the  name  of  all  important  parts  of  an  automobile  and 
describe  their  functions?  Describe  action  of  latest  types  of  kerosene  carburetors? 
What  is  the  difference  between  a  "double"  ignition  system  and  a  "dual"  ignition 
system?  Name  parts  of  an  induction  coil?  How  are  valves  timed?  What  is  an 
electric  motor  starter  and  how  does  it  work?  What  are  advantage  of  worm  drive 
gearing?  Name  all  important  types  of  ball  and  roller  bearings?  What  is  a  "three- 
quarter"  floating  axle?  What  is  a  two-speed  axle?  What  is  the  Vulcan  electric  gear 
shift?  Name  the  causes  of  lost  power  in  automobiles?  Describe  all  noises  due  to 
deranged  mech^iism  and  give  causes?  How  can  you  adjust  a  carburetor  by  the 
color  of  the  exhaust  gases?  What  causes  "  popping  "  in  the  carburetor?  What  tools 
and  suppUes  are  needed  to  equip  a  car?  How  do  you  drive  various  makes  of  cars? 
What  IS  a  differential  lock  and  where  is  it  used?  Name  different  systems  of  wire 
wheel  construction,  etc. ,  etc.  ?  A  popular  work  at  a  popular  price.  5  M  x  7  H •  Cloth. 
650  pages,  350  illustrations,  3  folding  plates.    Price $1.60 

WHAT  IS  SAID  OF  THIS  BOOK: 

"If  you  own  a  car — get  this  book." — The  Glassworker. 

"Mr.  Pag6  has  the  faculty  of  making  difficult  subjects  plain  and  understandable." — 
Bristol  Press. 

"We  can  name  no  writer  better  qualified  to  prepare  a  book  of  instruction  on  auto- 
mobiles than  Mr.  Victor  W.  Page." — ScierUific  American. 
"The  best  automobile  catechism  that  has  appeared." — Automobile  Topics. 
"  There  are  few  men,  even  with  long  experience,  who  will  not  find  this  book  useful. 
Great  pains  have  been  taken  to  make  it  accurate.  Special  recommendation  must  be 
given  to  the  illustrations,  which  have  been  made  specially  for  the  work.  Such  ex- 
cellent books  as  this  greatly  assist  in  fully  imderstanding  your  automobile.  "^ — En" 
gineering  News, 
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Just  Published — A  New  Book  on  Automobile  Electricity, 

MODERN  STARXraO,  LIGHTING  AND  IGNITION  SYSTEMS.    By  Victor 

W.  Pag6,  M.E. 

This  practical  volume  has  been  written  with  special  reference  to  the  requirements  of  the 
non-technical  reader  desiring  easily  understood,  explanatory  matter,  relating  to  all 
types  of  automobile  ignition,  starting  and  lighting  systems.  It  cdn  be  imderstood  by 
anyone,  even  without  electrical  knowledge,  because  elementary  electrical  principles  are 
considered  before  "any  attempt  is  made  to  discuss  features  of  the  various  systems. 
These  basic  principles  are  clearly  stated  and  illustrated  with  simple  diagrams.  All  the 
leading  systems  of  starting,  lighting  and  ignition  have  been  described  and  illustrated  with 
&ie  co-operation  of  the  experts  employed  by  the  manufacturers.  Wiring  diagrams  are 
shown  in  both  technical  and  non-technical  forms.  All  symbols  are  fully  explained.  It 
is  a  comprehensive  review  of  modem  starting  and  ignition  system  practice,  and  includes 
a  complete  exposition  of  storage  battery  construction,  care  and  repair.  All  types  of 
starting  motors,  generators,  magnetos,  and  all  ignition  or  lighting  system  units  are 
fully  explained.  The  systems  of  cars  already  in  use  as  well  as  those  that  are  to  come 
in  1916  are  considered.  Every  person  in  the  automobile  business  needs  this  volume. 
5Mx7H.    Cloth.    530  pages,  297  illustrations,  3  folding  plates.    Price    .       .       91.50 

MOTORCYCLES,  SIDE  CARS  AND  CYCLECARS,  THEIR  CONSTRUCTION, 

MANAGEMENT  AND  REPAIR.    By  Victor  W.  Pag6,  M.E. 

The  only  complete  work  published  for  the  motorcyclist  and  cyclecarist.  Describes 
fully  ail  leading  types  of  machines,  their  design,  construction,  maintenance,  operation 
and  repair.  This  treatise  outlines  fully  the  operation  of  two-  and  fourcycle  power 
'  plants  and  all  ignition,  carburetion  and  lubrication  systems  in  detail.  Describes  all 
representative  types  of  free  engine  clutches,  variable  speed  gears  and  power  trans- 
mission systems.  Gives  complete  tnstructions  for  operating  and  repairing  all  types. 
Considers  fully  electric  self-starting  and  lighting  systems,  all  types  of  spring  frames 
and  springs  forks  and  shows  leading  control  methods.  For  those  desiring  technical 
information  a  complete  series  of  tables  and  many  formulae  to  assist  in  designing  are 
included.  The  work  tells  how  to  figure  power  needed  to  climb  grades,  overcome  air 
resistance  and  attain  high  speeds.  It  snows  how  to  select  gear  ratios  for  various 
weights  and  powers,  how  to  figure  braking  efficiency  required,  gives  sizes  of  belts  and 
chams  to  transmit  power  safely,  and  shows  how  to  design  sprockets,  belt  pulleys,  etc. 
This  work  also  includes  complete  formulsB  for  figuring  norse-power,  shows  how  dyna- 
mometer tests  are  made,  defines  relative  efficiency  of  air-  and  water-cooled  engines,  plain 
and  anti-friction  bearings  and  many  other  data  of  a  practical,  helpful,  engineering 
nature.  Remember  that  you  get  this  information  in  addition  to  the  practical  de- 
scription and  instructions  which  alone  are  worth  several  times  the  price  of  the  book. 
550  pages.   350  specially  made  illustrations,  5  folding  plates.    Cloth.    Price    .     $1.60 

WHAT  IS  SAID  OP  THIS  BOOK: 

••  Here  is  a  book  that  should  be  in  the  cycle  repairer's  kit." — American  Blacksmith. 
"  The  best  way  for  any  rider  to  thoroughly  understand  his  machine,  is  to  get  a  copy 
of  this  book;  it  is  worth  many  times  its  price." — Pacific  Motorcyclist. 

AUTOMOBILE   AND  MOTORCYCLE  CHARTS 

CHART.    GASOLINE  ENGINE  TROUBLES  MADE  EASY— A  CHART  SHOW- 

ING  SECTIONAL  VIEW  OF  GASOLINE  ENGINE.    Compiled  by  Victor 

W.  Pag6,  M.E. 

It  shows  clearly  all  parts  of  a  typical  fouivcylinder  gasoline  engine  of  the  four-cycle 
type.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  sJso  details  the  de- 
rangements apt  to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen,  automobile  sales- 
men, chauffeurs,  motorboat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor- 
cyclists, and  all  others  who  have  to  do  with  gasoline  power  plants. 
It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the 
novice,  it  can  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of 
every  public  and  private  garage,  automobile  repair  shop,  clubhouse  or  school.  It  can 
be  carried  in  the  automobile  or  pocket  with  ease,  and  will  insure  against  loss  of  time 
when  engine  trouble  manifests  itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.  It  is  prepared 
by  a  practical  motorist  for  all  who  motor.  More  information  for  the  money  than  ever 
liefore  offered.  Ko  details  omitted.  Size  25x38  inches.  Securely  mailea  on  receipt 
of      ..*'•• 86  cents 
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CHART.    LOCATION  OF  FORD  ENGINE  TROUBLES   MADE  EASY.     Com- 
piled  by  Victor  W.  Pag6,  M.E. 

This  shows  clear  sectional  views  depicting  aU  portions  of  the  Ford  power  plant  and 
auxiliary  groups.  It  outlines  clearly  all-  parts  of  the  engine,  fuel  supply  system,  igni- 
tion groui>  and  cooling  system,  that  are  apt  to  give  trouble,  detailing  all  derangements 
that  are  liable  to  make  an  engine  lose  power,  start  hard  or  work  irr^ularly.  This 
chart  is  valuable  to  students,  owners,  and  drivers,  as  it  simplifies  location  of  all  engine 
faults.  Of  great  advantage  as  an  instructor  for  the  novice,  it  can  be  used  equally  well 
by  the  more  expert  as  a  work  of  reference  and  review.  It  can  be  carried  in  the  tool- 
box or  pocket  with  ease  and  will  save  its  cost  in  labor  eliminated  the  first  time  engine 
trouble  manifests  itself.  Prepared  with  special  reference  to  the  average  man's  needs 
and  is  a  practical  review  of  all  motor  troubles  because  it  is  based  on  the  actual  ex- 

ferience  of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart  describes, 
t  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine  de- 
rangements by  systematic  search,  guided  by  easily  recognized  symptoms  instead  of  by 
guesswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop 
when  touring.  Must  be  se^i  to  be  appreciated.  Size  25x38  inches.  Printed  on 
heavy  bond  paper.    Price 26  cents 

CHART.    LUBRICATION  OF   THE   MOTOR   CAR   CHASSIS.     Compiled  by 
Victor  W.  Pag£,  M.E. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design 
and  all  parts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they 
must  be  lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in 
motor-car  maintenance.     Size  24x38  inches.     Price 26  cents 

CHART.    LOCATION  OF  CARBURETION  TROUBLES  MADE  EASY.       Com- 
piled by  Victor  W.  Page,  M.E. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  system  and  gives 
causes  of  trouble,  how  to  locate  defects  and  means  of  remedying  them.  Size  24x38 
inches.    Price ,.      .      .     25  cents 

CHART.    LOCATION    OF   IGNITION    SYSTEM    TROUBLES    MADE    EASY. 
Compiled  by  Victor  W.  Pag6,  M.E. 

In  this  diagram  all  parts  of  a  tjrpical  double  ignition  system  using  battery  and  magneto 
current  are  shown,  and  suggestions  are  given  for  resbdily  finding  ignition  troubles  and 
eliminating  them  when  foimd.     Size  24x38  inches.     Price 26  cents 

CHART.    LOCATION  OF  COOLING  AND  LUBRICATION  SYSTEM  FAULTS. 
Compiled  by  Victor  W.  Pagi^,  M.E. 

This  composite  diagram  shows  a  typical  automobile  power  plant  using  pump  circulated 
water-cooUng  system  and  the  most  popular  lubrication  method.  Gives  suggestions 
for  curing  all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling 
or  cooling  group.     Size  24x38  inches.    Price 26  cents 

CHART.     MOTORCYCLE   TROUBLES   MADE   EASY.     Compiled   by  Victor 
W.  Paq6,  M.E. 

A  chart  showing  sectional  view  of  a  single-cylinder  gasoline  engine.  This  chart 
simplifies  location  of  all  power-plant  troubles.  A  single-cylinder  motor  is  shown  for 
simplicity.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the 
derangements  apt  to  interfere  with  smooth  engine  operation.  This  chart  will  prove 
of  value  to  all  who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.  No 
details  omitted.     Size  30x20  inches.     Price         26  cents 

BRAZING  AND  SOLDERING 

BRAZING  AND  SOLDERING.    By  James  F.  Hobart. 

The  only  book  that  shows  you  just  how  to  handle  any  job  of  brazing  or  soldering  that 
comes  along:  it  tells  you  wnat  mixture  to  use,  how  to  make  a  furnace  if  you  need  one. 
FuU  of  valuable  kinks.  The  fifth  edition  of  this  book  has  just  been  published,  and  to 
it  much  new  matter  and  a  large  number  of  tested  formulae  for  all  kinds  of  solders  and 
fluxes  have  been  added.    Illustrated 26  cents 
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CHARTS 

GASOLINE  ENGINE  TROUBLES  MADE  EASY— A  CHART  SHOWING  SEC- 
TIONAL VIEW  OF  GASOLINE  ENGINE.    Compiled  by  Victor  W.  Pag6. 

It  shows  clearly  all  parts  of  a  typical  foiir-cylinder  gasoline  engine  of  the  four-cycle 
type.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the  de- 
rangements apt  to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen,  automobile  sales- 
men, chauffeurs,  motor-boat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor- 
cyclists, and  all  others  who  have  to  do  with  gasoline  power  plants. 
It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the 
novice,  it  can  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of 
every  public  and  private  garage,  automobile  repair  shop,  club  house  or  school.  It  can 
be  carried  in  the  automobile  or  pocket  with  ease  and  will  insure  against  loss  of  time 
when  engine  trouble  manifests  itself. 
This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.     It  is  pre- 

gared  by  a  practical  motorist  for  all  who  motor.    No  details  omitted.     Size  25x38 
iches 26  cents 

LUBRICATION  OF  THE  MOTOR  CAR  CHASSIS. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design 
and  all  parts  are  clearly  mdicated  that  demand  oil,  also  the  ft>equency  with  which  they 
must  be  lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in 
motor-car  maintenance.     Size  24x38  inches.     Price 25  cents 

LOCATION  OF  CARBURETION  TROUBLES  MADE  EASY. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  sj^em  and  gives 
causes  of  trouble,  how  to  locate  defects  and  means  of  remedying  them.  Size  24x38 
inches.    Price 25  cents 

LOCATION  OF  IGNITION  SYSTEM  TROUBLES  MADE  EASY. 

In  this  chart  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto 
current  are  shown  and  suggestions  are  given  for  readily  finding  ignition  troubles  and 
eliminating  them  when  found.     Size  24x38  inches.     Price 25  cents 

LOCATION  OF  COOLING  AND  LUBRICATION  SYSTEM  FAULTS. 

This  composite  chart  shows  a  typical  automobile  power  plant  using  pump  circulated 
water-cooling  system  and  the  most  popular  lubrication  method.  Gives  suggestions 
for  cming  all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiUng  or 
cooling  group.     Size  24x38  inches.     Price 25  cents 

MOTORCYCLE  TROUBLES  MADE  EASY— A  CHART  SHOWING  SECTIONAL 

VIEW    OF    SINGLE  -  CYLINDER    GASOLINE    ENGINE.    Compiled    by 

Victor  W.  Pagi£. 

This  chart  simplifies  location  of  all  power-plant  troubles,  and  wiU  prove  invaluable  to 
all  who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.  No  details 
omitted.     Size  25x38  inches.     Price j 25  cents 

LOCATION    OF    FORD  ENGINE   TROUBLES    MADE    EASY.    Compiled   by 

Victor  W.  Pag6,  M.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and 
auxiliary  groups.  It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system, 
ignition  group  and  cooling  system,  that  are  apt  to  give  trouble,  detailing  all  derange- 
ments that  are  liable  to  make  an  engine  lose  power,  start  hard  or  work  irregularly.  This 
chart  is  valuable  to  students,  owners,  and  drivers,  as  it  simplifies  location  of  all  engine 
faults.  Of  great  advantage  as  an  instructor  for  the  novice,  it  can  be  used  equally  well 
by  the  more  expert  as  a  work  of  reference  and  review.  It  can  be  carried  in  the  tool- 
box or  pocket  with  ease  and  will  save  its  cost  in  labor  eliminated  the  first  time  engine 
trouble  manifests  itself.  Prepared  with  special  reference  to  the  average  man's  needs 
and  is  a  practical  review  of 'all  motor  troubles  because  it  is  based  on  the  actual  ex- 
perience of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart  describes. 
It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine  de- 
rangements by  systematic  search,  guided  by  easily  recognized  symptoms  instead  of  by 
guesswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop 
when  touring.  Must  be  seen  to  be  appreciated.  Size  25x38  inches.  Printed  on  heavy 
bond  paper.    Price,         26  cents 
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MODERN   SUBMARINE    CHART  — WITH    200   PARTS   NUMBERED   AND 

NAMED. 

A  cross-section  view,  showing  clearly  and  distinctly  all  the  interior  of  a  Submarine  of 
the  latest  type.  You  get  more  information  from  this  chart,  about  the  construction  and 
operation  of  a  Submarine,  than  in  any  other  way.  No  details  omitted — everything 
is  accurate  and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been  approved 
by  NavaJ  Engineers.  All  the  machinery  and  devices  fitted  in  a  modem  Submarine 
Boat  are  shown,  and  to  make  the  engraving  more  readily  imderstood,  all  the  features 
are  shown  in  operative  form,  with  Officers  and  Men  in  the  act  of  performing  the  duties 
assigned  to  them  in  service  conditions.  This  CHART  IS  REALLY  AN  ENCYCLO- 
PEDIA OF  A  SUBMARINE 26  cents 

BOX  CAR  CHART. 

A  chart  showing  the  anatomy  of  a  box'car,  having  every  part  of  the  car  numbered  and 
its  proper  name  given  in  a  reference  list 26  cents 

GONDOLA  CAR  CHART. 

A  chart  showing  the  anatomy  of  a  gondola  car,  having  every  part  of  the  car  numbered 
and  its  proper  reference  name  given  in  a  reference  list 25  cents 

PASSENGER-CAR  CHART. 

A  chart  showing  the  anatomy  of  a  passenger-car,  having  every  part  of  the  car  numbered 
and  its  proper  name  given  in  a  reference  list 26  cents 

STEEL  HOPPER  BOTTOM  COAL  CAR. 

A  chart  showing  the  anatomy  of  a  steel  Hopper  Bottom  Coal  Car,  having  every  part 
of  the  car  nmnbered  and  its  proper  name  given  in  a  reference  list 25  cents 

TRACTIVE  POWER  CHART. 

A  chart  whereby  you  can  find  the  tractive  power  or  drawbar  puU  of  any  locomotive 
without  making  a  figure.  Shows  what  cylinders  are  equal,  how  driving  wheels  and 
steam  pressure  affect  the  power.  What  sized  engine  you  need  to  exert  a  given  drawbar 
pull  or  anything  you  desire  in  this  line 60  cents 

HORSE-POWER  CHART 

Shows  the  horse-power  of  any  stationary  engine  without  calculation.  No  matter  what 
the  cylinder  diameter  of  stroke,  the  steam  pressure  of  cut-off,  the  revolutions,  or 
whether  condensing  or  non-condensing,  it's  aU  there.  Eetsy  to  use,  accurate,  and 
saves  time  and  calculations.     Esi)eciaUy  useful  to  engineers  and  designers.     50  cents 

BOILER  ROOM  CHART.    By  Geo.  L.  Fowler. 

A  chart — size  14x28  inches — showing  in  isometric  perspective  the  mechanisms  be- 
longing in  a  modem  boiler  room.  The  various  parts  are  shown  broken  or  removed, 
so  that  the  internal  construction  is  fully  illustrated.  Each  i)art  is  given  a  reference 
number,  and  these,  with  the  corresponding  name,  are  given  in  a  glossary  printed  at 
the  sides.  This  chart  is  really  a  dictionary  of  the  boiler  room — the  names  of  more  than 
200  parts  being  given 25  cents 

COMPRESSED  AIR 


COMPRESSED  AIR  IN  ALL  ITS  APPLICATIONS.    By  Gardner  D.  Hiscox. 

This  is  the  most  complete  book  on  the  subject  of  Air  that  has  ever  been  issued,  and  its 
thirty-five  chapters  include  about  every  phase  of  the  subject  one  can  think  of.  It  may 
be  cal]^d  an  encyclopedia  of  compressed  air.  -  It  is  written  by  an  expert,  who,  in  its 
665  pages,  has  dealt  with  the  subject  in  a  comprehensive  manner,  no  phase  of  it  being 
■  omitted.  Includes  the  physical  properties  of  air  from  a  vacuum  to  its  highest  pressure, 
its  thermodjrnamics,  compression,  transmission  and  uses  as  a  motive  power,  in  the 
Operation  of  Stationary  and  Portable  Machinery,  in  Mining,  Air  Tools,  Air  Lifts, 
Pumping  of  Water,  Acids,  and  Oils;  the  Air  Blast  for  Cleaning  and  Painting,  the 
Sand  Blast  and  its  Work,  and  the  Numerous  Appliances  in  which  Compressed  Air  is 
a  Most  Convenient  and  Economical  Transmitter  of  Power  for  Mechanical  Work, 
Railway  Propulsion,  Refrigeration,  and  the  Various  Uses  to  which  Compressed  Air 
has  been  applied.  Includes  forty-four  tables  of  the  physical  properties  of  air,  its 
compression,  expansion,  and  volumes  required  for  various  kinds  of  work,  and  a  list 
of  patents  on  compressed  air  from  1875  to  date.  Over  500  illustrations,  5th  Edition, 
revised  and  enlarged.    Cloth  boimd.  $6.00.    Half  Morocco,  price  .    .    •    .     $6.60 
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CONCRETE 

JUST    PUBLISHED— CONCRETE    WORKERS^    REFERENCE     BOOKS.     A 

SERIES    OF    POPULAR    HANDBOOKS    FOR    CONCRETE    USERS. 

Prepared  by  A.  A.  Houghton Each  60  cents 

The  author,  in  preparing  this  Series,  has  not  only  treated  on  the  usual  types  of  construction, 
but  explains  and  illustrates  molds  and  systems  that  are  not  patented,  out  which  are  equal 
in  value  and  often  superior  to  those  restricted  by  patents.  These  molds  are  very  easily  and 
cheaply  constructed  and  embody  simplicity,  rapidity  of  operation,  and  the  most  sitccessful 
results  in  the  molded  concrete.  Each  of  these  Twelve  books  is  fully  illustrated^  and  the 
subjects  are  exhaustively  treated  in  plain  English. 

CONCRETE  WALL  FORMS.    By  A.  A.  Houghton. 

A  new  automatic  wall  clamp  is  illustrated  with  workiiig  drawings.    Other  types  of 

wall  forms,  clamps,  separators,  etc.,  are  also  illustrated  and  explained. 

(No.  1  of  Series) .60  cents 

CONCRETE  FLOORS  AND  SIDEWALKS.    By  A.  A.  Houghton. 

The  molds  for  molding  squares,  hexagonal  and  many  other  styles  of  mosaic  floor  and 
sidewalk  blocks  are  fufly.illustrated  and  explained.     (No.  2  of  Series)     .     .     60  cents 

PRACTICAL  CONCRETE  SILO  CONSTRUCTION.    By  A.  A.  Houghton. 

Complete  working  drawings  and  specifications  are  Kiven  for  several  styles  of  concrete 
silos,  with  illustrations  of  molds  for  monolithic  and  block  silos.  The  tables,  data,  and 
information  presented  in  this  book  are  of  the  utmost  value  in  planning  and  constructing 
all  forms  of  concrete  silos.     (No.  3  of  Series) 60  cents 

MOLDING  CONCRETE  CHIMNEYS,  SLATE  AND  ROOF  TILES.    By  A.  A. 

Houghton. 

The  manufacture  of  aU  tsrpes  of  concrete  slate  and  roof  tile  is  fully  treated.  Valuable 
data  on  aU  forms  of  reinforced  concrete  roofs  are  contained  within  its  pages.  The 
construction  of  concrete  chimneys  by  block  and  monolithic  systems  is  fully  £Qustrated 
and  described.  A  number  of  ornamental  designs  of  chimney  construction  with  molds 
are  shown  in  this  valuable  treatise.     (No.  4  of  Series.) 60  cents 

MOLDING  AND  CURING  ORNAMENTAL  CONCRETE.     By  A.  A.  Houghton. 

The  proper  proportions  of  cement  and  aggregates  for  various  finishes,  also  the  method 
of  thoroughly  mixing  and  placing  in  the  molds,  are  fully  treated.  An  exhaustive 
treatise  on  this  subject  that  every  concrete  worker  will  find  of  daily  use  and  value. 
(No.  5  of  Series.) 60  cents 

CONCRETE  MONUMENTS,  MAUSOLEUMS  AND  BURIAL  VAULTS,    By  A.  A. 

Houghton. 

The  molding  of  concrete  monuments  to  imitate  the  most  expensive  cut  stone  is  ex- 
plained in  this  treatise,  with  working  drawings  of  easily  built  molds.  Cutting  in- 
scriptions and  designs  are  also  fully  treated.     (No.  6  of  Series.)       ...     60  cents 

MOLDING    CONCRETE   BATHTUBS,   AQUARIUMS   AND    NATATORIUMS. 

By  A.  A.  Houghton. 

Simple  molds  and  instruction  are  given  for  moldins  many  styles  of  concrete  bathtubs, 
swimming-pools,  etc.  These  molds  are  easily  built  and  permit  rapid  and  successful 
work.     (No.  7  of  Series.) 60  cents 

CONCRETE  BRIDGES,  CULVERTS  AND  SEWERS.    By  A.  A.  Houghton. 

A  number  of  ornamental  concrete  bridges  with  illustrations  of  molds  are  given.  A 
collapsible  center  or  core  for  bridges,  culverts  and  sewers  is  fully  illustratea  with  de- 
tailed instructions  for  building.     (No.  8  of  Series.) 60  cents 

CONSTRUCTING  CONCRETE  PORCHES.    By  A.  A.  Houghton. 

A  number  of  designs  with  working  drawings  of  molds  are  fully  explained  so  any  one 
can  easily  construct  diflferent  styles  of  ornamental  concrete  porches  without  the  pur- 
chase of  expensive  molds.     (No.  9  of  Series.) 60  cents 
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MOLDING  CONCRETE  FLOWER-POTS,  BOXES,  JARDINIERES,  ETC.      By 
A.  A.  Houghton. 

The  molds  for  producing  many  original  designs  of  flower-pots,  urns,  flower-boxes, 
jardinieres,  etc.,  are  fully  illustrated  and  explained,  so  the  worker  can  easily  construct 
and  operate  same.     (No.  10  of  Series.) 50  cents 

MOLDING  CONCRETE  FOUNTAINS  AND  LAWN  ORNAMENTS.    By  A.  A. 

Houghton. 

The  molding  of  a  number  of  designs  of  lawn  seats,  curbing,  hitching  posts,  pergolas,  sun 
dials  and  other  forms  of  ornamental  concrete  for  the  ornamentation  of  lawns  and  gar- 
dens, is  fully  illustrated  and  described.     (No.  11  of  Series) 60  cents 

CONCRETE  FROM  SAND  MOLDS.    By  A.  A.  Houghton. 

*  

A  Practical  Work  treating  on  a  process  which  has  heretofore  been  held  as  a  trade  secret 
by  the  few  who  possessed  it,  and  which  will  successfully  mold  every  and  any  class  of 
ornamental  concrete  work.  The  process  of  molding  concrete  with  sand  molds  is  of 
the  utmost  practical  value,  possessing  the  manifold  advantages  of  a  low  cost  of  molds, 
the  ease  and  rapidity  of  operation,  perfect  details  to  all  ornamental  designs,  density 
and  increased  strength  of  the  concrete,  perfect  curing  of  the  work  without  attention 
and  the  easy  removal  of  the  inplds  regardless  of  any  undercutting  the  design  may  have. 
192  pages.    Fully  illustrated.    Price $2.00 

ORNAMENTAL  CONCRETE  WITHOUT  MOLDS.    By  A.  A.  Houghton. 

The  process  for  making  ornamental  concrete  without  molds  has  long  been  held  as  a 
secret,  and  now,  for  the  first  time,  this  process  is  given  to  the  public.  The  book 
reveals  the  secret  and  is  the  only  book  published  which  explains  a  simple,  practical 
method  whereby  the  concrete  worker  is  enabled,  by  employing  wood  and  metal  tem- 
plates of  different  designs,  to  mold  or  model  in  concrete  any  Cornice,  Archivolt, 
Column,  Pedestal,  Base  Cap,  Urn  or  Pier  in  a  monolithic  form — ^right  upon  the  Job. 
These  may  be  molded  in  imits  or  blocks,  and  then  built  up  to  suit  the  specifications 
demanded.     This  work  is  fully  illustrated,  with  detailed  engravings.    Price  ^.     $2.00 

CONCRETE    FOR    THE    FARM    AND    IN    THE    SHOP.       By  H.  Colin 

Campbell,  C.E.,  E.M. 

"Concrete  for  the  Farm  and  In  the  Shop"  is  a  new  book  ft*om  cover  to  cover,  illustrat- 
ing and  describing  in  plain,  simple  language  many  of  the  numerous  applications  of 
concrete  within  the  range  of  the  home  worker.    Among  the  subjects  treated  are: 

Principles  of  reinforcing ;  methods  of  protecting  concrete  so  as  to  insure  proper  harden- 
ing; home-made  mixers;  mixing  by  hand  and  machine;  form  construction,  described 
and  illustrated  by  drawings  and  photographs;  construction  of  concrete  walls  and 
fences;  concrete  fence  posts;  concrete  gate  posts;  .comer  posts;  clothes  line  posts; 
grape  arbor  posts;  tanks;  troughs;  cisterns;  hog  wallows;  feeding  fioors  and  barn- 
yard pavements ;  foundations ;  well  curbs  and  platforms ;  indoor  floors ;  sidewalks ;  steps ; 
concrete  hotbeds  and  cold  frames ;  concrete  slab  roofs ;  walls  for  buildings ;  repairing 
leaks  in  tanks  and  cisterns;  and  all  topics  associated  with  these  subjects  as  bearing 
upon  securing  the  best  results  from  concrete  are  dwelt  upon  at  sufficient  length  in  plain 
every-day  English  so  that  the  inexperienced  person  desiring  to  imdertake  a  piece  of 
concrete  construction  can,  by  following  the  directions  set  forth  in  this  book,  secure  100 
per  cent  success  every  time.  A  number  of  convenient  and  practical  tables  for  estimating 
quantities,  and  some  practical  examples,  are  also  given.  (5x7.)  149  pages,  51  il- 
lustrations.   Price $0.75 

POPULAR  HANDBOOK  FOR  CEMENT  AND  CONCRETE  USERS.    By  Myron 

H.  Lewis 

This  is  a  concise  treatise  of  the  principles  and  methods  employed  in  the  manufacture 
and  use  of  cement  in  all  classes  of  modem  works.  The  author  has  brought  together 
in  this  work  all  the  salient  matter  of  interest  to  the  user  of  concrete  and  its  many 
diversified  products.  The  matter  is  presented  in  logical  and  systematic  order,  clearly 
written,  fully  illustrated  and  free  from  involved  mathematics.  Everything  of  value  to 
the  concrete  user  is  given.  Including  kinds  of  cement  employed  in  construction,  concrete 
architecture,  inspection  and  testing,  waterproofing,  coloring  and  painting,  rules,  tables, 
working  and  cost  data.  The  book  comprises  thirty-three  chapters,  as  follows: 
Introductory.  Kinds  of  Cements  and  How  They  are  Made.  Properties.  Testing 
and  Requirements  of  Hydraulic  Cement.  Concrete  and  its  Properties.  Sand,  Broken 
Stone  and  Gravel  for  Concrete.     How  to  Proportion  the  Materials.     How  to  Mml 
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and  Place  Concrete.  Forms  of  Concrete  Construction.  The  Architectural  and  Artistic 
Possibilities  of  Concrete.  Concrete  Residences.  Mortars,  Plasters  and  Stucco,  and 
How  to  Use  them.  The  Artistic  Treatment  of  Concrete  Siufaces.  Concrete  Building 
Blocks.  The  Making  of  Ornamental  Concrete.  Concrete  Pipes,  Fences,  Posts,  etc 
Essential  Features  and  Advantages  of  Reenforced  Concrete.  How  to  Design  Reen« 
forced  Concrete  Beams,  Slabs  and  Columns.  Explanations  of  the  Methods  and 
Principles  in  Designing  Reenforced  Concrete  Beams  and  Slabs.  Systems  of  Reen« 
forcement  Employed.  Reenforced  Concrete  in  Factory  and  General  Building  Con- 
struction. Concrete  in  Foundation  Work.  Concrete  Retaining  Walls,  Abutments 
;  and  Bulkheads.  Concrete  Arches  and  Arch  Bridges.  Concrete  Beam  and  Girder 
Bridges.  Concrete  in  Sewerage  and  Drainage  Works.  Concrete  Tanks,  Dams  and 
Reservoirs.  Concrete  Sidewalks,  Curbs  and  Pavements.  Concrete  in  Railroad  Con- 
structions. The  Utility  of  Concrete  on  the  Farm.  The  Wateiprooflng  of  Concrete 
Structure.  Grout  of  Liquid  Concrete  and  Its  Use.  Inspection  of  Concrete  Work.  Cost 
of  Concrete  Work.  Some  of  the  special  features  of  the  book  are:  1.  The  Attention 
Paid  to  the  Artistic  and  Architectural  Side  of  Concrete  Work.  2.  The  Authoritative 
Treatment  of  the  Problem  of  Waterproofing  Concrete.  3.  An  Excellent  Summary  of 
the  Rules  to  be  Followed  in  Concrete  Construction.  4.  The  Valuable  Cost  Data  and 
Useful  Tables  given.  A  valuable  Addition  to  the  Library  of  Every  Cement  and 
Concrete  User.    Price $2.60 

WHAT   IS   SAID   OF   THIS   BOOK: 

"The  field  of  Concrete  Construction  is  well  covered  and  the  matter  contained  is  well 
within  the  understanding  of  any  person." — Engineering-Contracting. 
"Should  be  on  the  bookshelves  of  every  contractor,  engineer,  and  architect  in  the 
land." — National  Builder. 

WATERPROOFING  CONCRETE.    By  Myron  H.  Lewis. 

Modem  Methods  of  Waterproofing  Concrete  and  Other  Structures.  A  condensed 
statement  of  the  Principles,  Rules,  and  Precautions  to  be  Observed  in  Waterproofing 
and  Dampproofing  Structures  and  Structural  Materials.  Paper  binding.  Illustrated. 
Price 50  cents 

DICTIONARIES 

STANDARD  ELECTRICAL  DICTIONARY.    By  T.  O'Conor  Sloane. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  aUke  for  the 
student  and  professional.  A  practical  handbook  of  reference  containing  definitions  of 
about  5000  distinct  words,  terms  and  phrases.  The  definitions  are  terse  and  concise 
and  include  every  term  used  in  electrical  science.  Recently  issued.  An  entirely  new 
edition.  Should  be  in  the  possession  of  all  who  desire  to  keep  abreast  with  the  progress 
of  this  branch  of  science.  Complete,  concise  and  convenient.  682  pages.  393  illustra- 
tions.   Price $3.00 

DIES— METAL  WORK 

DIES:  THEIR  CONSTRUCTION  AND  USE  FOR  THE  MODERN  WORKING  OF 

SHEET  METALS.    By  J.  V.  Woodworth. 

A  most  useful  book,  and  one  which  should  be  in  the  hands  of  all  engaged  in  the  press- 
working  of  metals;  treating  on  the  Designing,  Constructing,  and  Use  of  Tools,  Fixtures 
and  Devices,  together  with  the  manner  in  which  they  should  be  used  in  the  Power 
Press,  for  the  cheap  and  rapid  production  of  the  great  variety  of  sheet-metal  articles 
now  in  use.  It  is  designed  as  a  guide  to  the  production  of  sheet-metal  parts  at  the 
minimum  of  cost  with  the  maximum  of  output.  The  hardening  and  tempering  of 
Press  tools  and  the  classes  of  work  which  may  be  produced  to  the  best  advantage  by 
the  use  of  dies  in  the  power  press  are  fully  treated.  Its  505  illustrations  show  dies, 
press  fixtures  and  sheet-metal  working  devices,  the  descriptions  of  which  are  so  clear  and 
practical  that  aU  metal-working  mechanics  wiU  be  able  to  understand  how  to  design, 
construct  and  use  them.  Many  of  the  dies  and  press  fixtures  treated  were  either 
constructed  by  the  author  or  under  his  supervision.  Others  were  built  by  skilful 
mechanics  and  are  in  use  in  large  sheet-metal  establishments  and  machine  shops. 
5th  Edition.    Price •     •     •     $8.00 
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PUNCHES,  DIES  AND  TOOLS  FOR  MANUFACTURING  IN  PRESSES.    By 

J.   V.   WOODWORTH. 

This  work  is  a  companion  volume  to  the  author's  elementary  work  entitled  "Dies,  Their 
Construction  and  Use."  It  does  not  go  into  the  details  of  die-makinK  to  the  extent  of 
the  author's  previous  book,  but  gives  a  comprehensive  review  of  the  neld  of  operations 
carried  on  by  presses.  A  large  part  of  the  information  given  has  been  drawn  from  the 
author's  personal  experience.  It  might  well  be  termed  an  Encyclopedia  of  Die-Making, 
Punch-Making,  Die-Sinking,  Sheet-Metal  Working,  and  Making  of  Special  Tools,  Sub- 

I)resses,  Devices  and  Mechanical  Combinations  for  Punching,  Cutting,  Bending,  Form- 
ng.  Piercing,  Drawing,  Compressing  and  Assembling  Sheet-Metal  Parts,  and  auso  Arti- 
cles of  other  Materials  in  Machine  Tools.     2d  Edition.    Price $4.00 

DROP  FORGING,  DIE-SINKING  AND  MACHINE-FORMING  OF  STEEL.    By 

J.   V.   WoODWORTH. 

This  is  a  practical  treatise  on  Modem  Shop  Practice,  Processes,  Methods,  Machine 
Tools,  and  Details  treating  on  the  Hot  and  Cold  Machine-Forming  of  Steel  and  Iron 
into  Finished  Shapes;  together  with  Tools,  Dies,  and  Machinery  involved  in  the 
manufacture  of  Duplicate  Forgings  and  Interchangeable  Hot  and  Cold  Pressed  Parts 
from  Bar  and  Sheet  Metal.  This  book  fills  a  demand  of  long  standing  for  information 
regarding  drop-forgings,  die-sinking  and  machine-forming  of  steel  and  the  shop 
practice  involved,  as  it  actually  exists  in  the  modem  drop-forging  shop.  The  processes 
of  die-sinking  and  force-making,  which  are  thoroughly  described  and  illustrated  in  this 
admirable  work,  are  rarely  to  oe  found  explained  in  such  a  clear  and  concise  manner 
as  is  here  set  forth.  The  process  of  die-sinking  relates  to  the  engraving  or  sinking  of 
the  female  or  lower  dies,  such  as  are  used  for  drop-forgings,  hot  and  cold  machine 
forging,  swedging  and  the  press  working  of  metals.  The  process  of  force-making 
relates  to  the  engraving  or  raising  of  the  male  or  upper  dies  used  in  producing  the 
lower  dies  for  the  press-forming  and  machine-forging  of  duplicate  parts  of  metal. 
In  addition  to  the  arts  above  mentioned  the  book  contains  explicit  information  re- 
garding the  drop-forging  and  hardening  plants,, designs,  conditions,  equipment,  drop 
hammers,  forging  machines,  etc.,  machine  forging,  hydraulic  forging,  autogenous 
welding  and  shop  practice.  The  book  contains  eleven  chapters,  and  the  Information 
contained  in  these  chapters  is  just  what  will  prove  most  valuable  to  the  forged-metal 
worker.     All  operations  described  in  the  worK  are  thoroughly  illustrated  by  means  of 

8erspective  half-tones  and  outline  sketches  of  the  machinery  employed.     300  detailed 
lustrations.    Price $8.60 

DRAWING— SKETCfflNG  PAPER 


PRACTICAL  PERSPECTIVE.     By  Richards  and  Colvin. 

Shows  just  how  to  make  aU  kinds  of  mechanical  drawings  in  the  only  practical  per- 
spective isometric.  Makes  everything  plain  so  that  any  mechanic  can  understand 
a  sketch  or  drawing  in  this  way.  Saves  time  in  the  drawing  room,  and  mistakes  in  the 
shops.  Contains  practical  examples  of  various  classes  of  work.  4th  Edition.    50  cents 

XINEAR  PERSPECTIVE  SELF-TAUGHT.    By  Herman  T.  C.  Kraus. 

This  work  gives  the  theory  and  practice  of  linear  perspective,  as  used  in  architectural, 
engineering  and  mechanical  drawings.  Persons  taking  up  the  study  of  the  subject 
by  themselves  will  be  able,  by  the  use  of  the  instruction  given,  to  readily  grasp  the 
subject,  and  by  reasonable  practice  become  good  perspective  draftsmen.  The  arrange- 
ment of  the  book  is  good;  the  plate  is  on  the  left-hand,  while  the  descriptive  text 
follows  on  the  opposite  pake,  so  as  to  be  readily  referred  to.  The  drawings  are  on 
sufficiently  large  scale  to  show  the  work  clearly  and  are  plainly  figured.  There  is 
included  a  self-explanatory  chart  which  gives  all  mformation  necessary  for  the  thorough 
understanding  of  perspective.  This  chart  alone  is  worth  many  times  over  the  price  of 
the  book.   2d  Bedjged  and  enlarged  Edition $2.50 

SELF-TAUGHT  MECHANICAL  DRAWING  AND  ELEMENTARY  MACHINE 
DESIGN.  By  F.  L.  Sylvester,  M.E.,  Draftsman,  with  additions  by  Erik 
Obero,  associate  editor  of  "Machinery." 

This  is  a  practical  treatise  on  Mechanical  Drawing  and  Machine  Design,  comprising 
the  first  principles  of  geometric  and  mechanical  drawing,  workshop  mathematics, 
mechanics,  strength  of  materials  and  the  calculations  and  design  of  machine  details. 
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The  author's  aim  has  been  to  adapt  this  treatise  to  the  requirements  of  the  practical 
mechanic  and  young  draftsman  and  to  present  the  matter  in  as  clear  and  concise  a 
manner  as  possible.  To  meet  the  demands  of  this  class  of  students,  practically  all  the 
important  elements  of  machine  design  have  been  dealt  with,  and  in  addition  algebraic 
formulas  have  been  explained,  and  the  elements  of  trigonometry  treated  in  the  manner 
best  suited  to  the  needs  of  the  practical  man.  The  book  is  divided  into  20  chapters, 
and  in  arranging  the  material,  mechanical  drawing,  pure  and  simple,  has  been  taken 
up  first,  as  a  thorough  understanding  of  the  principles  of  representing  objects  facilitates 
the  further  study  of  mechanical  subjects.  This  is  followed  by  the  mathematics  neces- 
sary for  the  solution  of  the  problems  in  machine  design  which  are  presented  later,  and 
a  practical  introduction  to  theoretical  mechanics  and  the  strength  of  materials.  The 
various  elements  entering  into  machine  design,  such  as  cams,  gears,  sprocket-wheels, 
cone  pulleys,  bolts,  screws,  couplings,  clutches,  shafting  and  fly-wheels,  have  been 
treated  in  such  a  wav  as  to  make  possible  the  use  of  the  work  as  a  text-book  for  a 
continuous  course  of  study.  It  is  easily  compreh^ided  and  assimilated  even  by 
students  of  limited  previous  training.    330  pages,  215  engravings.    Price  .     .    $2.00 

A  NEW  SKETCHING  PAPER. 

A  new  specially  ruled  paper  to  enable  you  to  make  sketches  or  drawings  in  isometric 
perspective  without  any  figuring  or  fussing.  It  is  being  used  for  shop  details  as  well 
as  for  assembly  drawings,  as  it  makes  one  sketch  do  the  work  of  three,  and  no  workman 
can  help  seeing  just  what  is  wanted.  Pads  of  40  sheets,  6x9  inches.  26  cents.  Pads 
of  40  sheets.  9x12  inches,  50  cents;  40  sheets,  12x18,  Price $1.00 

ELECTRICITY 


ARITHMETIC  OF  ELECTRICITY.    By  Prof.  T.  O'Conor  Sloanb. 

A  practical  treatise  on  electrical  calculations  of  all  kinds  reduced  to  a  series  of  rules,  all 
of  the  simplest  forms,  and  involving  only  ordinary  arithmetic;  each  rule  illustrated 
by  one  or  more  practical  problems,  with  detailed  solution  of  each  one.  This  book  Is 
classed  among  the  most  useful  works  pubUshed  on  the  science  of  electricity,  covering 
as  it  does  the  mathematics  of  electricity  in  a  manner  that  will  attract  the  attention 
of  those  who  are  not  familiar  with  algebraical  formulas.  20th  Edition.  160  pages. 
Price $1.00 

COMMUTATOR  CONSTRUCTION.    By  Wm.  Baxter,  Jr. 

The  business  end  of  any  dvnamo  or  motor  of  the  direct  current  type  is  the  commutator. 
This  book  goes  into  the  designing,  building,  and  maintenance  of  conunutators,  shows 
how  to  locate  troubles  and  how  to  remedy  them;  everyone  who  fusses  with  dynamos 
needs  this.    4th  Edition 26  cents 

DYNAMO  BUILDING  FOR  AMATEURS,  OR  HOW  TO  CONSTRUCT  A  FIFTY- 
WATT  DYNAMO.    By  Arthur  J.  Weed,  Member  of  N.  Y.  Electrical  Society. 

A  practical  treatise  showing  in  detail  the  construction  of  a  small  dynamo  or  motor,  the 
entire  machine  work  of  which  can  be  done  on  a  small  foot  lathe.  Dimensioned  working 
drawings  are  given  for  each  piece  of  machine  work,  and  each  operation  is  clearly 
described.  This  machine,  when  used  as  a  dynamo,  has  sm  output  of  fifty  watts;  when 
used  as  a  motor  it  will  drive  a  small  drill  press  or  lathe.  It  can  be  used  to  drive  a 
sewing  machine  on  any  and  all  ordinarv  work.  The  book  is  illustrated  with  more 
than  sixty  original  engravings  showing  the  actual  construction  of  the  different  parts. 
Among  the  contents  are  chapters  on:  1.  Fifty-Watt  Dynamo.  2.  Side  Bearing 
Bods.  3.  Field  Pimching. '  4.  Bearings.  5.  Commutator.  6.  Pulley.  7.  Brush 
Holders.  8.  Connection  Board.  9.  Armature  Shaft.  10.  Armature.  11.  Armature 
Winding.  12.  Field  Winding.  13.  Connecting  and  Startingl  Price,  paper.  50  cents. 
Cloth 81.00 

ELECTRIC    WIRING,    DIAGRAMS    AND    SWITCHBOARDS.    By    Newton 
Harrison. 

A  thoroughly  practical  treatise  covering  the  subject  of  Electric  Wiring  in  all  its  branches, 
including  explanations  and  diagrams  which  are  thoroughly  explicit  and  greatly  simplify 
the  subject.  Practical,  every-day  problems  in  wiring  are  presented  and  the  method 
of  obtaining  intelligent  results  clearly  shown.    Only  arithmetic  is  used.     Ohm's  law 
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is  given  a  simple  explanation  with  reference  to  wiring  for  direct  and  alternating 
currents.  The  fundamental  principle  of  dfop  of  potential  in  circuits  is  shown  with  its 
various  applications.  The  sunple  circuit  is  developed  with  the  position  of  mains, 
fevers  and  branches:  their  treatment  as  a  part  of  a  wiring  plan  and  their  employ- 
ment in  house  wiring  clearly  illustrated.  Some  simple  facts  about  testing  are  included 
in  connection  with  ue  wiring.  Molding  and  conduit  work  are  given  careful  considera- 
tion; and  switchboards  are  systematically  treated,  built  up  and  illustrated,  showing 
the  purpose  they  serve,  for  connection  with  the  circuits,  and  to  shunt  and  compound 
wound  machines.  The  simple  principles  of  switchboard  construction,  the  develop- 
ment of  the  switchboard,  the  connections  of  the  various  instruments,  including  the 
lightning  arrester,  are  also  plainly  set  forth. 

Alternating  current  wiring  is  treated,  with  explanations  of  the  power  factor,  conditions 
calling  for  various  sizes  of  wire,  and  a  simple  wav  of  obtaining  tne  sizes  for  single-phase, 
two-xmase  and  three-phase  circuits.  This  is  the  only  complete  woric  issued  showing 
and  telling  you  what  you  should  know  about  direct  and  alternating  current  wiring.  It 
is  a  ready  reference.  The  work  is  free  from  advanced  technicalities  and  mathematics, 
arithmetic  being  used  throughout.  It  is  in  every  respect  a  handy,  well-written, 
instructive,  comprehensive  volume  on  wiring  for  the  wireman.  foreman,  contractor, 
or  electrician.    2^2  pages;  105  illustrations.    Pri^p $1.60 

ELECTRIC  TOY  MAKING,  DYNAMO  BUILDING,  AND  ELECTRIC  MOTOR 
CONSTRUCTION.    By  Prof.  T.  O'Conob  Sloane. 

This  work  treats  of  the  making  at  home  of  electrical  toys,  electrical  apparatus,  motors, 
dynamos  and  instruments  in  general,  and  is  designed  to  bring  within  the  reach  oi 
young  and  old  the  manufacture  of  genuine  and  useful  electrical  appliances.  The  work 
is  especially  designed  for  amateurs  and  young  folks. 

Thousands  of  our  young  people  are  daily  experimenting,  and  busily  engaged  in  making 
electrical  toys  and  apparatus  of  various  kinds.  The  present  work  is  just  what  is  want- 
ed to  give  the  much  needed  information  in  a  plain^ractical  manner,  with  illustrations 
to  make  easy  the  carrying  out  of  the  work.    20th  Efdition.    Price    ....     $1.00 

PRACTICAL  ELECTRICITY.    By  Prof.  T.  O'Conor  Sloane. 

This  work  of  768  pages  was  previously  known  as  Sloane's  Electricians*  Hand  Book,  and 
is  intended  for  the  practical  electrician  who  has  to  make  things  go.  The  entire 
field  of  electricity  is  covered  within  its  pages.  Among  some  of  the  subjects  treated 
are:  The  Theory  of  the  Electric  Current  and  Circuit,  Electro-Chemistry.  Primary 
Batteries,  Storage  Batteries.  Generation  and  Utilization  of  Electric  Powers.  Alter- 
nating Current,  Armature  Winding,  Dynamos  and  Motors,  Motor  Generators. 
Operation  of  the  Central  Station  Switchboards,  Safety  Appliances.  Distribution 
of  Electric  Light  and  Power.  Street  Mains.  Transformers,  Arc  and  Incandescent 
Lighting.  Electric  Measurements.  Photometry,  Electric  Railways.  Telephony,  Bell- 
Wiring,  Electric-Plating,  Electric  Heating,  Wireless  Telegraphy,  etc.  It  contains  no 
useless  theory;  everything  is  to  the  point.  It  teaches  you  just  what  vou  want  to 
know  about  electricity.  It  is  the  standard  work  published  on  the  subject.  Forty- 
one  chapters,  556  engravings.    Price 93.60 

ELECTRICITY  SIMPLIFIED.    By  Prof.  T.  O'Conor  Sloane. 

The  object  of  "Electricity  Simplified"  is  to  make  the  subject  as  plain  as  possible  and 
to  show  what  the  modem  conception  of  electricity  is;  to  show  how  two  plates  of 
different  metal,  immersed  in  add.  can  send  a  message  around  the  globe;  to  explain 
how  a  bundle  of  copper  wire  rotated  by  a  steam  engine  can  be  the  agent  in  lighting 
our  streets,  to  tell  what  the  volt,  ohm  and  ampere  are,  and  what  high  and  low  tension 
mean ;  and  to  answer  the  questions  that  perpetually  arise  in  the  mind  in  this  age  of 
electricity.     13th  Edition.     172  pages.     Illustrated.    Price $1.00 

HOUSE  WIRING.     By  Thomas  W.  Poppe. 

This  work  describes  and  illustrates  the  actual  installation  of  Electric  Light  Wirins, 
the  manner  in  which  the  work  should  be  done,  and  the  method  of  doing  it.  The  book 
can  be  conveniently  carried  in  the  pocket.  It  is  intended  for  the  Electrician,  Helper 
and  Apprentice.  It  solves  all  Wiring  Problems  and  contains  nothing  that  conmcta 
with  the  rulings  of  the  National  Board  of  Fire  Underwriters.  It  gives  just  the  informa- 
tion essential  to  the  Successful  Wiring  of  a  Building.  Among  the  subjects  treated  are: 
Locating  the  Meter.  Panel  Boards.  Switches.  Plug  Receptacles.  Brackets.  Ceiling 
Fixtures.  The  Meter  Connections.  The  Feed  Wires.  The  Steel  Armored  Cable 
System.  The  Flexible  Steel  Conduit  System.  The  Ridig  Conduit  System.  A  digest 
of  the  National  Board  of  Fire  Underwriters'  rules  relating  to  metallic  wiring  systems. 
Various  switching  arrangements  explained  and  diagrammed.     The  easiest  method  of 
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testing  the  Three-  and  Four-way  circuits  eamlained.  The  grounding  of  all  metallic 
wiring  systems  and  the  reason  for  doing  so  shown  and  explained.  The  insulation  of 
the  metal  parts  of  lamp  fixtures  and  the  reason  for  the  same  described  and  illustrated. 
125  pages.  2nd  Edition,  revised  »nd  enlarged.  Fully  illustrated.  Flexible  cloth. 
Price 50  cents 

WHAT   IS   S^AID   OF   THIS   BOOK: 

**  The  information  given  is  exact  and  exhaustive  without  being  too  technical  or  over- 
laden with  details." — Druggists'  Circular. 

HOW  TO  BECOME  A  SUCCESSFUL  ELECTRICIAN.    By  Prof.  T.  O'Conob 

Sloane. 

Every  young  man  who  wishes  to  become  a  successful  electrician  should  read  this  book. 
It  teUs  in  simple  language  the  surest  and  easiest  way  to  become  a  successful  electrician. 
The  studies  to  be  followed,  methods  of  work,  field  of  operation  and  the  requirements 
of  the  successful  electrician  are  pointed  out  and  fully  explained.  Every  young  en- 
gineer will  find  this  an  excellent  stepping  stone  to  more  advanced  works  on  electricity 
wUch  he  must  master  before  success  can  be  attained.  Many  young  men  become  dis- 
couraged at  the  very  outstart  by  attempting  to  read  and  study  books  that  are  far 
beyond  their  comprehension.  This  book  serves  as  the  connecting  link  between  the 
rudiments  taught  m  the  public  schools  and  the  real  study  of  electricity.  It  is  inter- 
esting from  cover  to  cover.  Eighteenth  Revised  Edition,  just  issued.  205  pages. 
Illustrated.    Price 91.00 

STANDARD  ELECTRICAL  DICTIONARY.    By  T.  O'Conor  Sloane. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  aUke  for  the 
student  and  professional.  A  practical  handbook  of  reference  containing  de^nitions 
of  about  5,000  distinct  words,  terms  and  phrases.  The  definitions  are  terse  and 
concise  and  include  every  term  used  in  electrical  science.  Recently  issued.  An  en- 
tirely new  edition.  Should  be  in  the  possession  of  all  who  desire  to  keep  abreast  with 
the  progress  of  this  branch  of  science.  In  its  arrangement  and  typography  the  book 
is  very  convenient.  The  word  or  term  defined  is  printed  in  black-faced  type  which 
readily  catches  the  eye,  while  the  body  of  the  page  is  in  smaller  but  distinct  type.  The 
definitions  are  well  worded,  and  so  as  to  be  understood  by  the  non- technical  reader. 
The  general  plan  seems  to  be  to  give  an  exact,  concise  definition,  and  then  amplify 
and  explain  in  a  more  popular  way.  Sjmonyms  are  aJso  given,  and  references  to  other 
words  and  phrases  are  made.  A  very  complete*  and  accurate  index  of  fifty  pages  is 
at  the  end  of  the  volume;  and  as  this  index  contains  all  synonyms,  and  as  all  phrases 
are  indexed  in  every  reasonable  combination  of  words,  reference  to  the  proper  place 
in  the  body  of  the  book  is  readily  made.  It  is  difficult  to  decide  how  far  a  book  of 
this  character  is  to  keep  the  dictionary  form,  and  to  what  extent  it  may  assume  the 
encyclopedia  form.  For  some  purposes,  concise,  exactly  worded  definitions  are  needed ; 
for  other  purposes,  more  extended  descriptions  are  required.  This  book  seeks  to  satisfy 
both  demands,  and  does  it  with  considerable  success.  Complete,  concise  and  con- 
venient.   682  pages.     393  illustrations.     Twelfth  Edition.    Price  .     ,     .     *    $8.00 

SWITCHBOARDS.    By  William  Baxter,  Jr. 

This  book  appeals  to  every  engineer  and  electrician  who  wants  to  know  the  practical 
side  of  things.  It  takes  up  all  sorts  and  conditions  of  dynamos,  connections  and 
circuits,  and  shows  by  diagram  and  illustration  Just  how  the  switchboard  should  be 
connected.  Includes  direct  and  alternating  current  boards,  also  those  for  arc  lighting, 
incandescent  and  power  circuits.  Special  treatment  on  high  voltage  boards  for  power 
transmission.     2d  Edition.     190  pages.     lUustrated.    Price $1.60 

TELEPHONE     CONSTRUCTION,    INSTALLATION,    WIRING,    OPERATION 

AND  MAINTENANCE.    By  W.  H.  Radclifpb  and  H.  CJ.  Gushing. 

This  book  is  intended  for  the  amateur,  the  wireman,  or  the  engineer  who  desires  to 
establish  a  means  of  telephonic  communication  between  the  rooms  of  his  home,  office, 
or  shop.  It  deals  only  with  such  things  aa  may  be  of  use  to  him  rather  than  with 
theories. 

Gives  the  principles  of  construction  and  operation  of  both  the  Bell  and  Independent 
instruments :  approved  methods  of  installing  and  wiring  them ;  the  means  of  protecting 
them  from  lightning  and  abnormal  currentis;  their  connection  together  for  operation 
as  series  or  bridging  stations;  and  rules  for  their  inspection  and  maintenance.  Line 
wiring  and  the  wlnng  and  operation  of  special  telephone  systems  are  also  treated. 

Intricate  mathematics  are  avoided, and  all  apparatus,  circuits  and  systems  are  thor- 
oughly described.     The  appendix  contains  dennitions  of  \mits  and  terms  used  in  the 
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text.  Selected  wiring  tables,  which  are  very  helpful,  are  also  included.  Among  the 
subjects  treated  are  Construction,  Operation,  and  Installation  of  Telephone  Instlu- 
ments;  Inspection  and  Maintenance  of  Telephone  Instruments;  T^ephone  Line 
Wiring;  Testing  Telephone  Line  Wires  and  Cables;  Wiring  and  Operation  of  Special 
Telephone  Systems,  etc.  2nd  Edition,  revised  and  enlarged.  223  pages.  154 
illustrations -    .     .     . $1.00 

WIRELESS   TELEGRAPHY  AND   TELEPHONY   SIMPLY  EXPLAINED.    By 

Alfred  P.  Morgan. 

This  is  undoubtedly  one  of  the  most  complete  and  comprehensible  treatises  on  the 
subject  ever  published,  and  a  close  study  or  its  pages  will  enable  one  to  master  all  the 
details  of  the  wireless  transmission  of  messages.  The  author  has  filled  a  long-felt 
want  and  has  succeeded  in  furnishing  a  lucid,  comprehensible  explanation  in  simple 
language  of  the  theory  and  practice  of  wireless  telegraphy  and  telephony. 

Among  the  contents  are:  Introductory;  Wireless  Transmission  and  Reception — The 
Aerial  System,  Earth  Connections — The  Transmitting  Apparatus,  Spark  Coils  and 
Transformers,  Condensers,  Helixes,  Spark  Gaps,  Anchor  Gaps,  Aerial  Switches — The 
Receiving  Apparatus,  Detectors,  etc. — Tuning  and  Coupling,  Tuning  Coils.  Loose 
Couplers,  Variable  Condensers,  Directive  Wave  Systems — Miscellaneous  Apparatus, 
,  Telephone  Receivers,  Range  of  Stations,  Static  Interference — Wireless  Telephones, 
Sound  and  Sound  Waves,The  Vocal  Cords  and  Ear — Wireless  Telephone,  How  Soxmds 
Are  Changed  into  Electric  Waves — ^Wireless  Telephones,  The  Apparatus — Summary. 
154  pages.     156  engravings.    Price $1.00 

WHAT   IS   SAID   OP   THIS   BOOK: 
*'This  book  should  be  in  both  the  home  and  school  library." — The  Youths'  Instructor, 

WIRING  A  HOUSE.    By  Herbert  Pratt. 

Shows  a  house  already  built;  tells  just  how  to  start  about  wiring  it;  where  to  begin; 
what  wire  to  use;  how  to  run  it  according  to  Insurance  Rules;  in  fact,  just  the  informa- 
tion you  need.     Directions  apply  equally  to  a  shop.    Fourth  edition    .     .     25  cents 

FACTORY  MANAGEMENT,  ETC. 

MODERN  MACHINE  SHOP  CONSTRUCTION,  EQUIPMENT  AND  MANAGE- 

MENT.    By  O.  E.  Perrigo,  M.E. 

The  only  work  published  that  describes  the  modem  machine  shop  or  manufacturing 
plant  ftt>m  the  time  the  grass  is  growing  on  the  site  intended  for  It  imtil  the  finished 
product  is  shipped.  By  a  careful  study  of  its  thirty-two  chapters  the  practical  man 
may  economically  build,  efficiently  equip,  and  successfully  manage  the  modem  machine 
shop  or  manufacturing  establishment.  Just  the  book  needed  by  those  contemplating 
the  erection  of  modem  shop  buildings,  the  rebuilding  and  reorganization  of  old  ones, 
or  the  introduction  of  modem  shop  methods,  time  amd  cost  systems.  It  is  a  book 
written  and  illustrated  b^  a  practical  shop  man  for  practical  shop  men  who  are  too 
busy  to  read  theories  and  want  facts.  It  is  the  most  complete  all-around  book  of  its 
kind  ever  published.  It  is  a  practical  book  for  practical  men,  from  the  apprentice  in 
the  shop  to  the  president  in  the  office.  It  minutely  describes  and  illustrates  the  most 
simple  and  yet  tne  most  efficient  time  and  cost  system  yet  devised.    Price    .     $6.00 

FUEL 


COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.    By  Wm.  M. 
Barr. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the 
combustion  of  the  conomon  fuels  found  in  the  United  States,  and  deals  piurticularly 
with  the  conditions  necessary  to  the  economic  and  smokeless  combustion  of  Ditumlnous 
coals  in  Stationary  and  Locomotive  Steam  Boilers. 

The  presentation  of  this  important  subject  is  systematic  and  pn^^ressive.  The  aj> 
rangement  of  the  book  is  in  a  series  of  practice  questions  to  which  are  appended 
accurate  answers,  which  describe  in  language,  free  from  technicalities,  the  several 
processes  involved  in  the  furnace  combustion  of  American  fuels;  it  clearly  states  the 
essential  requisites  for  perfect  combustion,  and  points  out  the  best  methods  for  furnace 
construction  for  obtaining  the  greatest  quantity  of  heat  fh>m  any  given  quality  of 
coal.    Nearly  350  pages,  fully  illustrated.    Price $1.00 
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THE  GASOLINE  ENGINE  ON  THE  FARM:  ITS  OPERATION,  REPAIR  AND 

USES.    By  Xeno  W.  Putnam. 

This  is  a  practical  treatise  on  the  Gasoline  and  Kerosene  Engine  Intended  for  the  man 
who  wants  to  know  Just  how  to  manage  his  engine  and  how  to  apply  it  to  all  kinds  of 
fann  work  to  the  best  advantage. 

This  book  abounds  with  hints  and  helps  for  the  farm  and  suggestions  for  the  home 
and  housewife.  There  is  so  much  of  value  in  this  book  that  it  is  impossible  to  ade- 
quately describe  it  in  such  small  space.  Suffice  to  sav  that  it  is  the  kind  of  a  book 
every  larmer  will  appreciate  and  every  farm  home  ought  to  have.  Includes  selecting 
the  most  suitable  engine  for  farm  work,  its  most  convenient  and  efficient  installation, 
with  chapters  on  troubles,  their  remedies,  and  how  to  avoid  them.  The  care  and 
management  of  the  farm  tractor  in  plowing,  harrowing,  harvesting  and  road  grading 
are  fully  covered;  also  plain  directions  are  given  for  handling  the  tractor  on  the  road. 
Special  attention  is  given  to  relieving  farm  life  of  its  drudgery  by  applying  power  to 
the  disagreeable  small  tasks  which  must  otherwise  be  done  by  hand.  Manv  home- 
made contrivances  for  cutting  wood,  supplying  kitchen,  garden,  and  bam  with  water, 
loading,  hauling  and  unloading  hay,  delivering  grain  to  the  bins  or  the  feed  trough 
Bre  included;  also  full  directions  for  making  the  engine  milk  the  cows,  chum,  wash, 
sweep  the  house  and  clean  the  windows,  etc.  Very  fully  illustrated  with  drawings  of 
worldng  parts  and  cuts  showing  Stationary,  Portable  and  Tractor  Engines  doing  all 
kinds  of  farm  work.  All  money-making  farms  utilize  power.  Learn  how  to  unlize 
power  by  reading  the  pages  of  this  book.  It  is  an  aid  to  the  result  getter,  invaluable 
to  the  up-to-date  farmer,  student,  blacksmith,  implement  dealer  and.  in  fact,  all  who 
can  apply  practical  knowledge  of  stationary  gasoline  engines  or  gas  tractors  to  advan- 
tage.   530  pages.     Nearly  180  engravings.    Price Sd.OO 

WHAT   IS   SAID   OP   THIS   BOOK: 

"Am  much  pleased  with  the  book  and  find  it  to  be  very  complete  and  up-to-date. 
I  will  heartily  recommend  it  to  students  and  farmers  whom  I  think  would  stand  in 
need  of  such  a  work,  as  I  think  it  is  an  exceptionally  good  one." — N.  S.  Gardiner, 
Prof,  in  Charge,  Clemson  Agr.  College  of  S.  C. ;  Dept.  of  Agri.  and  Agri.  Exp.  Station, 
Clemson  College,  S.  C. 

"I  feel  that  Mr.  Putnam's  book  covers  the  main  points  which  a  farmer  should  know.** 
— R.  T.  Burdick,  Instructor  in  Agronomy,  University  of  Vermont,  Burlington,  Vt. 

"It  will  be  a  valuable  addition  to  our  library  upon  Farm  Machinery." — James  A, 
Farra,  Inst,  in  Agri.  Engineering,  State  University  of  Ky.,  Lexington,  Ky. 

GASOLINE  ENGINES:  THEIR  OPERATION,  USE  AND  CARE.    By  A.  Hyatt 

Verbill. 

^  The  simplest,  latest  and  most  comprehensive  popular  work  published  on  Gasoline 
Engines,  describing  what  the  Gasoline  Engine  is;  its  construction  and  operation;  how 
to  mstallit;  how  to  select  it;  how  to  use  it  and  how  to  remedy  troubles  encountered. 
Intended  for  Owners,  Operators  and  Users  of  Gasoline  Motors  of  all  kinds.  This 
work  fully  describes  and  illustrates  the  various  tvpes  of  Gasoline  Engines  used  in 
Motor  Boats,  Motor  Vehicles  and  Stationary  Work.  The  parts,  accessories  and 
appliances  are  described,  with  chapters  on  ignition,  fuel,  lubrication,  operation  and 
engine  troubles.  Special  attention  Is  given  to  the  care,  operation  and  repair  of  motors, 
with  useful  hints  and  suggestions  on  emergency  repairs  and  makeshifts.  A  complete 
glossary  of  technical  terms  and  an  alphabeticaUy  arranged  table  of  troubles  and  their 
symptoms  form  most  valuable  and  imique  features  of  this  manual.  Nearly  every 
iQustration  in  the  book  is  original,  having  been  made  by  the  author.  Every  page  is 
full  of  interest  and  value.  A  book  which  you  cannot  afford  to  be  without.  275  pages. 
152  specially  made  engravings.    Price 91.60 

'  GAS,  GASOLINE,  AND  OIL  ENGINES.    By  Gardner  D.  Hiscox. 

Just  issued,  21st  revised  and  enlarged  edition.  Every  user  of  a  gas  engine  needs  this 
book.  Simple,  instructive,  and  right  up-to-date.  The  only  complete  work  on  the 
subject.  Tells  all  about  the  running  ana  management  of  gas,  gasoline  and  oil  engines, 
as  designed  and  manufactured  in  the  United  States.  Explosive  motors  for  stationary 
marine  and  vehicle  power  are  fuily  treated,  together  with  illustrations  of  their  parts 
and  tabulated  sizes,  also  their  care  and  running  are  included.  Electric  ignition  by 
induction  coil  and  jump  spark  are  fully  explained  and  illustrated,  including  valuable 
Information  on  the  testing  for  economy  and  power  and  the  erection  of  power  plants. 
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The  rules  and  regulations  of  the  Board  of  Fire  Underwriters  in  regard  to  the  installation 
and  management  of  gasoline  motors  is  given  in  full,  suggesting  the  safe  installation 
of  explosive  motor  power.  A  list  of  United  States  Patents  issued  on  gas,  gasoline,  and 
oil  engines  and  then:  adjuncts  fi*om  1875  to  date  is  included.  640  pages.  435  engrav- 
ings.    Folding  plates.    Price .     $2.60 

GAS  ENGINE  CONSTRUCTION,  OR  HOW   TO    BUILD  A    HALF-HORSE- 
POWER GAS  ENGINE.    By  Parsell  and  Weed. 

A  practical  treatise  of  300  pages  describing  the  theory  and  principles  of  the  action  of 
Gas  Engines  of  various  types  and  the  design  and  construction  or  a  half-horse-power 
Gas  Engine,  with  illustrations  of  the  work  in  actual  progress,  together  with  the  oimen- 
sioned  working  drawings,  giving  clearly  the  sizes  of  the  various  details;  for  the  student, 
the  scientific  investigator,  and  the  amateur  mechanic.  This  book  treats  of  the  subject 
more  from  the  standpoint  of  practice  than  that  of  theory.  The  principles  of  operation 
of  Gas  Engines  are  clearly  and  simply  described,  and  then  the  actual  construction  of  a 
half-horse-power  engine  is  taken  up,  step  by  step,  showing  in  detail  the  making  of  the 
Gas  Engine.     3d  Edition.    300  pages.    Price $2.5 O 

HOW  TO  RUN  AND  INSTALL  GASOLINE  ENGINES.    By  C.  Von  Culin. 

Revised  and  enlarged  edition  just  issued.  The  object  of  this  little  book  is  to  furnish 
a  pocket  instructor  for  the  beginner,  the  busy  man  who  uses  an  engine  for  pleasure  or 
profit,  but  who  does  not  have  the  time  or  inclination  for  a  technical  book,  but  simply 
to  thoroughly  understand  how  to  properly  operate,  install  and  care  for  his  own  engine. 
The  index  refers  to  each  trouble,  remedy,  and  subject  alphabetically.  Being  a  quick 
reference  to  find  the  cause,  remedy  and  prevention  for  troubles,  and  to  become  an 
expert  with  his  own  engine.    Pocket  size.    Paper  binding.    Price      .      .     26  cents 

MODERN  GAS  ENGINES  AND  PRODUCER  GAS  PLANTS.    By  R.  E.  Mathot. 

A  guide  for  the  gas  engine  designer,  user,  and  engineer  in  the  construction,  selection; 

gurchase,  installation,  operation,  and  maintenance  of  gas  engines.  More  than  one 
ook  on  gas  engines  has  been  written,  but  not  one  has  thus  far  even  encroached  on  the 
field  covered  by  this  book.  Above  all  Mr.  Mathot's  work  is  a  practical  guide.  Recog- 
nizing the  need  of  a  volimie  that  would  assist  the  gas  engine  user  in  understanding 
thoroughly  the  motor  upon  which  he  depends  for  power,  the  author  has  discussed  his 
subject  without  the  help  of  any  mathematics  and  without  elaborate  theoretical  ex- 
planations. Every  part  of  the  gas  engine  is  described  in  detail,  tersely,  clearly,  with 
a  thorough  understanding  of  the  requirements  of  the  mechanic.  Helpful  suggestions 
as  to  the  purchase  of  an  engine,  its  installation,  care,  and  operation,  form  a  most 
valuable  feature  of  the  work.     320  pages.     175  detailed  illustrations.    Price  .    $2.60 

THE  MODERN  GAS  TRACTOR.    By  Victor  W.  Pag6. 

A  complete  treatise  describing  all  types  and  sizes  of  gasoline,  kerosene  and  oil  tractors. 
Considers  design  and  construction  exhaustively,  gives  complete  instructions  for  care, 
operation  and  repair,  outlines  all  practical  applications  on  the  road  and  in  the  field. 
The  best  and  latest  work  on  farm  tractors  and  tractor  power  plants.  A  work  needed 
by  farmers,  students,  blacksmiths,  mechanics,  salesmen,  implement  dealers,  designers 
and  engineers.    500  pages.    Nearly  300  illustrations  and  folding  plates.    Price  $2.00 

GEARING  AND  CAMS 


BEVEL  GEAR  TABLES.  By  D.  Ag.  Engstrom. 

A  book  that  will  at  once  commend  itself  to  mechanics  and  draftsmen.  Does  away 
with  all  the  triofonometry  and  fancy  flaring  on  bevel  gears,  and  makes  it  easy  for  any- 
one to  lay  them  out  or  make  them  just  right.  There  are  36  full-page  tables  that 
show  every  necessary  dimension  for  all  sizes  or  combinations  you're  apt  to  need.  No 
puzzling,  figuring  or  guessing.  Gives  placing  distance,  all  the  angles  (including 
cutting  angles),  and  the  correct  cutter  to  use.  A  copy  of  this  prepares  you  for  any- 
thing In  the  bevel-gear  line.    3d  Edition.     66  pages $1.00 

CHANGE  GEAR  DEVICES.    Bv  Oscar  E.  Perrigo. 

A  practical  book  for  every  designer,  draftsman,  and  mechanic  interested  in  the  inven- 
tion and  development  of  the  devices  for  feed  changes  on  the  different  machines  requir- 
ing such  mechanism.  All  the  necessary  information  on  this  subject  is  taken  up, 
analyzed,  classified,  sifted,  and  concentrated  for  the  use  of  busy  men  who  have  not  tae 
time  to  go  through  the  masses  of  irrelevant  matter  with  which  such  a  subject  is  usu- 
ally encumbered  and  select  such  information  as  will  be  useful  to  them. 
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It  shows  just  what  has  been  done,  how  it  has  been  done,  when  it  was  done,  and  who 
did  it.  It  saves  tinoie  in  hunting  up  patent  records  and  re-inventing  old  ideas.  88 
pages $1.00 

DRAFTING  OF  CAMS.    By  Louis  Rotjiluon. 

The  laying  out  of  cams  is  a  serious  problem  unless  you  know  how  to  go  at  it  right. 
This  puts  you  on  the  right  road  for  practically  any  kind  of  cam  you  are  likely  to  run 
up  against.    3d  Edition 25  cents 

HYDRAUUCS 


HYDRAULIC  ENGINEERING.    By  Gardner  D.  Hiscox. 

A  treatise  on  the  properties,  power,  and  resources  of  water  for  all  purposes.  Including 
the  measurement  of  streams,  the  flow  of  water  in  pipes  or  conduits;  the  horse-power 
of  falling  water,  turbine  and  impact  water-wheels,  wave  motors,  centrifugal,  recipro- 
catingi  and  air-lift  pimips.  With  300  figures  and  diagrams  and  36  practical  tables. 
All  who  are  interested  in  water-works  development  will  find  this  book  a  useful  one. 
because  it  is  an  entirely  practical  treatise  upon  a  subject  of  present  importance,  and 
cannot  fail  in  having  a  far-reaching  influence,  and  for  this  reason  should  have  a  place 
in  the  working  library  of  every  engineer.  Among  the  subjects  treated  are:  Historical 
Hydraulics,  Properties  of  Water,  Measurement  of  the  Flow  of  Streams;  Flow 
from  Sub-surface  Orifices  and  Nozzles;  Flow  of  Water  in  Pipes;  Siphons  of  Various 
Kinds;  Dams  and  Great  Storage  Reservoirs;  Oitar  and  Town  Water  Supply;  Wells 
and  Their  Reinforcement;  Air  Lift  Methods  of  Reusing  Water;  Artesian  Wells; 
Irrigation  of  Arid  Districts;  Water  Power;  Water  Wheels;  Pumps  and  lumping 
Machinery;  Reciprocating  Pumps;  Hydraulic  Power  Transmission;  Hydraulic 
Mining;  Canals;  Ditches;  Conduits  and  Pipe  Lines;  Marine  Hydraulics;  Tidal  and 
Sea  Wave  Power,  etc.    320  pages.    Price 94.00 

INVENTIONS— PATENTS 


INVENTORS'  MANUAL,  HOW  TO  MAKE  A  PATENT  PAY. 

This  is  a  book  designed  as  a  guide  to  inventors  in  perfecting  their  inventions,  taking 
out  their  patents  and  disposing  of  them.  It  is  not  in|any  sense  a  Patent  Solicitor's 
Circular  nor  a  Patent  Broker's  Advertisement.  No  advertisements  of  any  description 
appear  in  the  work.  It  is  a  book  containing  a  quarter  of  a  century's  experience  of  a 
successful  inventor,  together  with  notes  based  upon  the  experience  of  many  other 
inventors. 

Among  the  subjects  treated  in  this  work  are:  How  to  Invent.  How  to  Secure  a 
Good  Patent.  Value  of  Good  Invention.  How  to  Exhibit  an  Invention.  How  to 
Interest  Capital.  How  to  Estimate  the  Value  of  a  Patent.  Value  of  Design  Patents. 
Value  of  Foreim  Patents.  Value  of  Small  Inventions.  Advice  on  Selling  Patents. 
Advice  on  the  Formation  of  Stock  Companies.  Advice  on  the  Formation  of  Limited 
Liability  Companies.  Advice  on  Disposing  of  Old  Patents.  Advice  as  to  Patent 
Attorneys.  Advice  as  to  Selling  Agents.  Forms  of  Assignments.  License  and  Con- 
tracts. State  Laws  Concerning  Patent  Rights.  1900  Census  of  the  United  States  by 
Coimts  of  Over  10,000  Population.     Revised  edition.     120  pages.    Price.     .     $1.00 

KNOTS 


ZKOTS,  SPLICES  AND  ROPE  WORK.    By  A.  Hyatt  Verrill. 

This  is  a  practical  book  giving  complete  and  simple  directions  for  making  all  the  most 
useful  and  ornamental  knots  in  conmion  use,  with  chapters  on  Splicing,  Pointing, 
•  Seizing,  Serving,  etc.  This  book  is  fullv  illustrated  with  one  himdred  and  fifty 
original  engravings,  which  show  how  each  knot,  tie  or  splice  is  formed,  and  its  appear- 
ance when  finished.  The  book  wiU  be  found  of  the  greatest  value  to  Campers,  Yachts- 
men, Travelers,  Boy  Scouts,  in  fact,  to  anyone  having  occasion  to  use  or  handle  rope 
OF  knots  for  any  purpose.  The  book  is  thoroughly  reliable  and  practical,  and  is  not 
only  a  guide,  but  a  teacher.  It  is  the  standard  work  on  the  subject.  Among  the 
contents  are:  1.  Cordage,  Kinds  of  Rope.  Construction  of  Rope,  Parts  of  Rope 
Cable  and  Bolt  Rope.  Strength  of  Rope,  Weight  of  Rope.  2.  Simple  Knots  and 
Bends.  Terms  Used  in  Handling  liope.  Seizing  Rope.  3.  Ties  and  Hitches.  4. 
Noose,  Loops  and  Mooring  Knots.  5.  Shortenings,  Grommets  and  Salvages.  6. 
Lashings,  Seizings  and  Splices.  7.  Fancy  Knots  and  Rope  Work.  128  pages.  150 
original  engravings.    Price oO  cents 
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LATHE  WORK 

LATHE  DESIGN,  CONSTRUCTION,  AND  OPERATION,  WITH  PRACTICAL 
EXAMPLES  OF  LATHE  WORK.  '  By  Oscar  E.  Perrigo. 

A  new  revised  edition,  and  the  only  complete  American  work  on  the  subject,  written 
by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  this  knowledge  to  others.  It  is  strictly  up-to-date  in  its 
descriptions  and  illustrations.  Lathe  history  and  the  relations  of  the  lathe  to  manu- 
factunng  are  given;  also  a  description  of  the  various  devices  for  feeds  and  thread 
cutting  mechanisms  from  early  efforts  in  this  direction  to  the  present  time.  Lathe 
design  is  thoroughly  discussed,  including  back  gearing,  driving  cones,  thread-cutting 
gears,  and  all  the  essential^  elements  of  the  modem  lathe.  The  classification  of  lathes 
is  taken  up,  giving  the  essential  differences  of  the  several  types  of  lathes  including, 
as  is  usually  imderstood,  engine  lathes,  bench  lathes,  speed  lathes,  forge  lathes,  gap 
lathes,  pulley  lathes,  forming  lathes,  multiple-spindle  lathes,  rapid-reduction  lathes, 
precision  lathes,  turret  lathes,  special  lathes,  electric^y-driven  lathes,  etc.  In  addi- 
tion to  the  complete  exposition  on  construction  and  design,  much  practical  matter  on 
lathe  installation,  care  and  operation  has  been  incorporated  in  the  enlarged  1915  edi- 
tion. All  kinds  of  lathe  attachments  for  drilling,  milling,  etc.,  are  described  and 
complete  instructions  are  given  to  enable  the  novice  machinist  to  grasp  the  art  of  lathe 
operation  as  well  as  the  principles  involved  in  design.  A  number  of  dimcult  machining 
operations  are  described  at  length  and  illustrated.  The  new  edition  has  nearly  500 
pages  and  350  illustrations.    Price $2.50 

WHAT   IS   SAID   OP   THIS   BOOK: 

**  This  is  a  lathe  book  from  beginning  to  end,  and  is  lust  the  kind  of  a  book  which  one 
delights  to  consult, — a  masterly  treatment  of  the  subject  in  hand." — Engineering  News, 

*'  This  work  will  be  of  exceptional  interest  to  anyone  who  is  interested  in  lathe  practice, 
as  one  very  seldom  sees  such  a  complete  treatise  on  a  subject  as  this  is  on  the  lathe."— 
Canadian  Machinery. 

TURNING  AND  BORING  TAPERS.    By  Fred  H.  Colvin. 

There  are  two  ways  to  turn  tapers;  the  right  way  and  one  other.  This  treatise  has 
to  do  with  the  right  way;  it  tells  you  how  to  start  the  work  properly,  how  to  set  the 
lathe,  what  tools  to  use  and  how  to  use  them,  and  forty  and  one  other  little  things 
that  you  should  know.    Pourth  edition 36  cents 

UQUID  Am 

LIQUID  AIR  AND  THE  LIQUEFACTION  OP  GASES.    By  T.  O'Conor  Sloanb. 

This  book  gives  the  history  of  the  theory,  discovery,  and  manufacture  of  Liquid  Air, 
and  contains  an  illustrated  description  of  all  the  experiments  that  have  excited  the 
wonder  of  audiences  all  over  the  country.  It  shows  how  liquid  air,  like  water,  is 
carried  hundreds  of  miles  and  is  handled  in  open  buckets.  It  tells  what  may  be  ex- 
pected from  it  in  the  near  future. 

A  book  that  renders  simple  one  of  the  most  perplexing  chemical  problems  of  the 
century.     Startling  developments  illustrated  by  actual  experiments. 

lit  is  not  only  a  work  of  scientific  interest  and  authority,  but  is  intended  for  the  general 
reader,  being  written  in  a  popular  style — easily  understood  by  every  one.  Second 
edition.    365  pages.    Price $2.00 

LOCOMOTIVE  ENGINEERING 

AIR-BRAKE  CATECHISM.    By  Robert  H.  Blackall. 

This  book  is  a  standard  text  book.  It  covers  the  Westins:house  Air-Brake  Equipment^ 
Including  the  No.  5  and  the  No.  6  E.  T.  Locomotive  Brake  Equipment:  the  K  (Quick, 
Service)  Triple  Valve  for  Freight  Service;  and  the  Cross-Compound  Pump.  The 
operation  of  all  parts  of  the  apparatus  is  explained  in  detail,  and  a  practical  way  of 
finding  their  peculiarities  and  defects,  with  a  proper  remedy,  is  given.  It  contains 
2,000  questions  with  their  answers,  which  will  enable  any  railroad  man  to  pass  any 
examination  on  the  subject  of  Air  Brakes.  Endorsed  and  used  by  air-br^e  instruc- 
tors and  examiners  on  nearly  every  railroad  in  the  United  States.  26th  Edition.  411 
pages,  fully  illustrated  with  colored  plates  and  diagrams $2.00 
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AMERICAN  COMPOUND  LOCOMOTIVES,    By  Fred  H.  Colvin. 

The  only  book  on  compounds  for  the  engineman  or  shopman  that  shows  in  a  plain 
practical  way  the  various  features  of  compound  locomotives  in  use.  Shows  how  they 
are  made,  what  to  do  when  they  break  down  or  balk.  Contains  sections  as  follows: — 
A  Bit  of  History.  Theory  of  Compoimding  Steam  Cylinders.  Baldwin  Two-Cylinder 
Compound.  Pittsbu^  Two-Cylinder  Compoimd.  Rhode  Island  Compoimd.  Rich- 
mond Compoimd.  Kogers  Compoimd.  Schenectady  Two-Cylinder  Compound. 
Yauclain  Compoimd.  Tandem  Compounds.  Baldwin  Tandem.  The  Colvin- Wight- 
man  Tandem.  Schenectady  Tandem.  Balanced  Locomotives.  Baldwin  Balanced 
Compound.  Plans  for  Balancing.  Locating  Blows.  Breakdowns.  Reducing  Valves. 
Drifting.  Valve  Motion.  Disconnecting.  Power  of  Compound  Locomotives.  Practi- 
cal Notes. 

Fully  illustrated  and  containing  ten  special  "  Duotone"  inserts  on  heavy  Plate  Paper, 
showing  different  types  of  Compoimds.     142  pages. '  Price $1.00 

COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.    By  Wm. 
M.  Babr. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the 
combustion  of  the  common  fuels  found  in  the  United  States  and  deals  particularly 
with  the  conditions  necessary  to  the  economic  and  smokeless  combustion  of  Dituminous 
coal  in  Stationary  and  Locomotive  Steam  Boilers. 

Presentation  of  this  important  subject  is  systematic  and  progressive.     The   ar- 
rangement of  the  book  is  in  a  series  of  practical  questions  to  which  are  appended 
accurate  answers,  which  describe  in  language  free  from  technicalities  the  several 
s  hivolved  in  the  furnace  combustion  of  American  fuels;  it  dearly  states  the 
^tial  requisites  for  perfect  combustion,  and  points  out  the  best  methods  of  furnace 
iction  for  obtaining  the  greatest  quantity  of  heat  ftom  any  given  quaUty  of 
Nearly  350  pages,  fully  illustrated.    Price $1.00 


Ji  ROimD-tHOUSE  FOREMAN.    By  T.  S.  Reilly. 

V    ^4  the  greatest  book  of  railroad  experiences  ever  published.     Containing  a  fimd  of 

'\     ablation  and  suggestions  along  the  line  of  handling  men,  organizing,  etc.,  that  one 

<iot  afford  to  miss.     176  pages.    Price $1.00 

LINK  MOTIONS,  VALVES  AND  VALVE  SETTING.    By  Fred  H.  Colvin,  Asso- 
ciate Editor  of  American  Machinist. 

A  handy  book  for  the  engineer  or  machinist  that  clears  up  the  mysteries  of  valve 
setting.  Shows  the  different  valve  gears  in  use.  how  they  work,  and  why.  Piston 
and  slide  valves  of  different  types  are  illustrated  and  explained.  A  book  that  every 
railroad  man  in  the  motive  power  department  ought  to  have.  Contains  chapters  on 
Locomotive  Link  Motion,  valve  Movements,  Setting  SUde  Valves,  Analysis  by 
Diagrams,  Modem  Practice,  Slip  of  Block,  Slice  Valves,  Piston  Valves,  Setting  Piston 
Valves,  Joy-Allen  Valve  Gear,  Walschaert  Valve  Gear,  Gooch  Valve  Gear,  Alfree- 
HubbellVaave.Gear,  etc.etc.    Fully  illustrated.    Price 50.ceiits 

LOCOMOTIVE  BOILER  CONSTRUCTION.    By  Frank  A.  Kleinhans. 

The  construction  of  boilers  in  general  is  treated,  and,  following  this,  the  locomotive 
boiler  is  taken  up  in  the  order  in  which  its  various  parts  go  through  the  shop.  Shows 
Skll  types  of  boilers  used;  gives  details  of  construction;  practical  facts,  such  as  life  of 
riveting,  punches  and  dies;  work  done  per  day,  allowance  for  bending  and  flanging 
sheets,  and  other  data.  Including  the  recent  Locomotive  Boiler  Inspection  Laws 
and  Examination  Questions  Tiith  their  answers  for  Government  Inspectors.  Contains 
chapters  on  Laying  Out  Work;  Planing  and  P'orging;  Punching;  Shearing;  Plate 
Planing;  General  Tables;  Finishing  Parts;  Bending ;  Machinery  Parts;  Riveting; 
Boiler  Details;  Smoke  Box  Details;  Assembling  and  Calking;  Boiler  Shop 
Machinery,  etc.,  etc. 

There  isn't  a  man  who  has  anything  to  do  with  boiler  work,  either  new  or  repair  work, 
who  doesn't  need  this  book.  The  manufacturer,  superintendent,  foreman,  and  boiler 
worker — ^ali  need  it.  No  matter  what  the  type  of  boiler,  you'll  find  a  mint  of  informa- 
tion that  you  wouldn't  be  without.  Over  400  pages,  five  large  folding  plates. 
Price $8.00 
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LOCOMOTIVE  BREAKDOWNS  AND  THEIR  REMEDIES.    By  Geo.  L.  Fowlek 

Revised  by  Wm.  W.  Wood,  Air-Brake  Instructor.    Just  issued.    Revised 

pocket  edition. 

It  is  out  of  the  question  to  try  and  tell  you  about  every  subject  that  is  covered  In  this 
pocket  edition  of  Locomotive  Breakdowns.  Just  imagine  all  the  common  troubles 
that  an  engineerxmay  expect  to  happen  some  time,  and  then  add  all  of  the  unexpected 
ones,  troubles  that  could  occur,  but  that  you  have  never  thought  about,  and  you  will 
find  that  they  are  all  treated  with  the  very  best  methods  of  repair.  WaLschaert 
Locomotive  Valve  Gear  Troubles,  £lectric  Headlight  Troubles,  as  well  as  Questions 
and  Answers  on  the  Air  Brake  are  all  included.  312  pages.  8th  Revised  Edition. 
Fully  illustrated $1.00 

LOCOMOTIVE  CATECHISM.    By  Robebt  Grimshaw. 

The  revised  edition  of  "Locomotive  Catechism,"  by  Robert  Grimshaw,  is  a  New  Book 
from  Cover  to  Cover.  It  contains  twice  as  many  pages  and  double  the  number  of 
illustrations  of  previous  editions.  Includes  the  greatest  amount  of  practical  informal 
tion  ever  published  on  the  construction  and  management  of  modem  locomotives. 
Specially  Prepared  Chapters  on  the  Walschaert  Locomotive  Valve  Gear,  the  Air- 
Brake  Equipment  and  the  Electric  Head  Light  are  given. 

It  commends  itself  at  once  to  every  Engineer  and  Fireman,  and  to  all  who  are  going  in 
for  examination  or  promotion.  In  plain  language,  with  full,  complete  answers,  not  only 
all  the  questions  asked  bv  the  examining  engineer  are  given,  but  those  which  the 
young  and  less  experienced  would  ask  the  veteran,  and  which  old  hands  ask  as  "stick- 
ers." It  is  a  veritable  Encyclopedia  of  the  Locomotive,  is  entirely  free  from  mathe- 
matics, easily  imderstood  and  thoroughly  up-to-date.  Contains  over  4,000  Examina- 
tion Questions  with  their  Answers.  825  pages,  437  illustrations  and  three  folding 
plates.     2Sth  Revised  Edition $2.50 

PRACTICAL  INSTRUCTOR  AND  REFERENCE  BOOK  FOR  LOCOMOTIVE 

FIREMEN  AND  ENGINEERS.    By  Chas.  F.  Lockhabt. 

An  entirely  new  book  on  the  Locomotive.  It  appeals  to  every  railroad  man,  as  it 
tells  him  how  things  are  done  and  the  right  way  to  do  them.  Written  by  a  ^lan  who 
has  had  years  of  practical  experience  .in  locomotive  shops  and  on  the  road  firing  and 
running.  The  information  given  in  this  book  cannot  be  found  in  any  other  similar 
treatise.  Eight  hundred  and  fifty-one  questions  with  their  answers  are  included, 
which  wiU  prove  specially  helpful  to  those  preparing  for  examination.  Practical 
information  on:  The  Construction  and  Operation  of  Locomotives;  Breakdowns  and 
their  Remedies;  Air  Brakes  and  Valve  Gears.  Rules  and  Signals  are  handled  in  a 
thorough  manner.  As  a  book  of  reference  it  cannot  be  excelled.  The  book  is  divided 
into  six  parts,  as  follows:  1.  The  Fireman's  Duties.  2.  Greneral  Description  of  the 
Locomotive.  3.  Breakdowns  and  their  Remedies.  4.  Air  Brakes.  5.  Extracts 
trom  Standard  Rules.  6.  Questions  for  Examination.  The  851  questions  have  beep 
carerally  selected  and  arranged.  These  cover  the  examinations  required  by  the 
different  railroads.     368  pages.     88  illustrations.    Price $1.60 

PREVENTION  OF  RAILROAD  ACCIDENTS,  OR  SAFETY  IN  RAILROADING. 

By  Georqb  Bradshaw. 

This  book  is  a  heart-to-heart  talk  with  Railroad  Employees,  dealing  with  facts,  not 
theories,  and  showing  the  men  in  the  ranks,  f^m  every-day  experience,  how  accidents 
occur  and  how  they  may  be  avoided.  The  book  is  illustrated  with  seventy  original 
photographs  and  drawings  showing  the  safe  and  unsafe  methods  of  work.  No  vision- 
ary schemes,  no  ideal  pictures.  Just  plain  facts  and  Practical  Suggestions  are  given. 
Every  railroad  employee  who  reads  the  book  is  a  better  and  safer  man  to  have  in 
railroad  scr\-ice.  It  gives  just  the  information  which  will  be  the  means  of  preventing 
many  injuries  and  deaths.  All  railroad  employees  should  procure  a  copy;  read  it. 
and  do  your  part  in  preventing  accidents.  169  pages.  Pocket  size.  Fully  illu.<itrated. 
Price 60  cents 

TRAIN  RULE   EXAMINATIONS  MADE  EAST.    By  G.  E.   Collingwood. 

This  is  the  only  practical  work,  on  train  rules  in  print.  Every  detail  is  covered,  and 
piutzling  points  are  explained  in  single,  comprehensive  lai^uage.  making  it  a  practical 
treatise  for  the  Train  Dispatcher,  Engineman,  Trainman,  and  aU  otho^  who  have  to 
do  with  the  movements  of  trains.  Contains  complete  and  reliable  information  of  the 
Standard  Code  of  Train  Rules  for  single  track.  Shows  Signals  in  Colors,  as  used  on 
the  different  roads.    Explains  fully  the  practical  application  of  train  ordflrs.  giving  a 
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clear  and  definite  understanding  of  all  orders  which  may  be  used.  The  meaninK  and 
necessity  for  certain  rules  are  explained  in  such  a  manner  that  the  student  may  know 
beyond  a  doubt  the  rights  conferred  imder  any  orders  he  may  receive  or  the  action 
required  by  certain  rules.  As  nearly  all  roads  require  trainmen  to  pass  regular  exami- 
nations, a  complete  set  of  examination  questions,  with  their  answers,  are  included. 
These  will  enable  the  student  to  pass  the  required  examinations  with  credit  to  himself 
and  the  road  for  which  he  works.  256  pages.  Fully  illustrated  with  Train  Signals 
in  Colors.    Price $1.25 

THE  WALSCHAERT  AND  OTHER  MODERN  RADIAL  VALVE  GEARS  FOR 

LOCOMOTIVES.    By  Wm.  W.  Wood. 

If  you  would  thoroughly  understand  the  Walschaert  Valve  Grear  ypu  should  possess  a 
copy  of  this  book,  as  the  author  takes  the  plainest  form  of  a  steam  engine — a  stationary 
engine  in  the  rough,  that  will  only  turn  its  crank  in  one  direction — ^and  from  it  builds 
up — ^wlth  the  reader's  help — a  modem  locomotive  equipped  with  the  Walschaert 
valve  Gear,  complete.  The  points  discussed  are  clearly  illustrated ;  two  large  folding 
plates  that  show  the  positions  of  the  valves  of  both  inside  or  outside  admission  type,  as 
well  as  the  links  and  other  parts  of  the  gear  when  the  crank  is  at  nine  different  points 
in  its  revolution,  are  especially  valuable  in  making  the  movement  clear.  These  employ 
sUding  cardboard  models  which  are  contained  in  a  pocket  in  the  cover. 

The  book  is  divided  into  five  general  divisions,  as- follows:  1.  Analysis  of  the  gear. 
2.  Designing  and  erecting  the  gear.  3.  Advantages  of  the  gear.  4.  Questions  and 
answers  relating  to  the  Walschaert  Valve  Gear.  5.  Setting  valves  with  the  Wal- 
schaert Valve  Gear;  the  three  primary  types  of  locomotive  valve  motion;  modem 
radial  valve  gears  other  than  tne  Walschaert;  the  Hobart  All-ftee  Valve  and  Valve 
Gear,  with  questions  and  answers  on  breakdowns;  the  Baker-PiUiod  Valve  Gear;  the 
Improved  Baker-PUliod  Valve  Gear,  with  questions  and  answers  on  breakdowns. 

The  questions  with  full  answers  given  will  be  especially  valuable  to  firemen  and  engi- 
neers in  preparing  for  an  examination  for  promotion.  245  pages.  Third  Revised 
Edition.    Price $1.60 

WESTINGHOUSE   E-T   AIR-BRAKE   INSTRUCTION   POCKET  BOOK.    By 

Wm.  W.  Wood,  Air-Brake  Instructor. 

Here  is  a  book  for  the  railroad  man,  and  the  man  who  aims  to  be  one.  It  is  without 
doubt  the  only  complete  work  published  on  the  Westinghouse  E-T  Locomotive  Brake 
Equipment.  Written  by  an  Air-Brake  Instructor  who  knows  just  what  is  needed.  It 
covers  the  subject  thoroughly.  Everything  about  the  New  Westinghouse  Engine  and 
Tender  Brake  Equipment,  Including  the  standard  No.  5  and  the  Perfected  No.  6 
st;^le  of  brake,  is  treated  in  detail.  Written  in  plain  English  and  profusely  illustrated 
with  Colored  Plates,  which  enable  one  to  trace  the  flow  of  pressures  throughout  the 
entire  equipment.  The  best  book  ever  published  on  the  Air  Brake.  Equally  good  for 
the  beginner  and  the  advanced  engineer.  Will  pass  any  one  through  any  examination. 
It  informs  and  enlightens  you  on  every  point.  Indispensable  to  every  engineman  and 
trainman. 

Contains  examination  questions  and  answers  on  the  E-T  equipment.  Covering  what 
the  E-T  Brake  is.  How  it  should  be  operated.  What  to  do  when  defective.  Not  a 
question  can  be  asked  of  the  engtneman  up  for  promotion,  on  either  the  No.  5  or  tbo 
No.  6  E-T  equipment,  that  is  not  asked  and  answered  in  the  book.  If  you  want  to 
thoroughly  understand  the  E-T  equipment  get  a  copy  of  this  book.  It  covers  every 
detail.    Msikes  Air-Brake  troubles  and  examinations  easy.    Price  .    .    .     .     $1.60 

MACHINE-SHOP  PRACTICE 


AMERICAN  TOOL  MAKING  AND  INTERCHANGEABLE  MANUFACTURING. 

By  J.  V.  WOODWORTH. 

A  "shoppy"  book,  containing  no  theorizing,  no  problematical  or  experimental  devices, 
there  are  no  badly  proportioned  and  impossible  diagrams,  no  catalogue  cuts,  but  a 
valuable  collection  of  drawings  and  descriptions  of  devices,  the  rich  fruits  of  the  author's 
own  experience.  In  its  500-odd  pages  the  one  subject  only.  Tool  Making,  and  what- 
ever relates  thereto,  is  dealt  with.  The  work  stands  without  a  rival.  It  is  a  complete 
practical  treatise  on  the  art  of  American  Tool  Making  and  system  of  interchangeable 
manufacturing  as  carried  on  to-day  in  the  United  States.  In  it  are  described  and 
Illustrated  all  of  the  different  types  and  classes  of  small  tools,  flxtiu'es,  devices,  and 
special  appliances  which  are  in  general  use  in  all  machine-manufacturing  and  metal- 
working  establishments  where  economy,  capacity,  and  interchangeability  in  the  pro- 
duction of  machined  metal  parts  are  imperative.    The  science  of  jig  making  is  exhaust- 
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ively  disciused,  and  particular  attention  is  paid  to  drill  jigs,  boring,  profiling  and  miiHng 
fixtures  and  other  devices  in  which  the  parts  to  be  machined  are  located  and  fastened 
within  the  contrivances.  All  of  the  tools,  fixtures,  and  devices  illustrated  and  de- 
scribed have  been  or  are  used  for  the  actual  production  of  work,  such  as  parts  of  drill 
presses,  lathes,  patented  machinery,  typewriters,  electrical  apparatus,  mechanical  ap- 
pliances, brass  goods,  composition  parts,  mould  products,  sheet  metal  articles,  drop- 
fbrgings,  jewelry,  watches,  medals,  coins,  etc.    531  pages.    Price   ....     $4.00 

MACHINE-SHOP  ARITHMETIC.    By  CkjLViN-CHENEY. 

This  is  an  arithmetic  of  the  things  you  have  to  do  with  daily.  It  tells  you  plainly 
about:  how  to  find  areas  in  figures;  now  to  find  surface  or  volume  of  balls  or  spheres; 
handy  ways  for  Calculating;  about  compound  gearing;  cutting  screw  threads  on  any 
lathe;  driUing  for  taps;  speeds  of  drills;  taps,  emery  wheels,  grindstones,  milling 
cutters,  etc.;  all  about  the  Metric  system  with  conversion  tables;  properties  of  metals; 
strength  of  bolts  and  nuts;  decimal  equivalent  of  an  inch.  All  sorts  of  machine-shop 
figming  and  1,001  other  things,  any  one  of  which  ought  to  be  worth  more  than 
the  price  of  this  book  to  you,  and  it  saves  you  the  trouble  of  bothering  the  boss.  6th 
edition.     131  pages.    Price 60  cents 

MODERN  MACHINE-SHOP  CONSTRUCTION,  EQUIPMENT  AND  MANAGE- 
MENT.   By  Oscar  E.  Perbigo. 

The  only  work  published  that  describes  the  Modem  Shop  or  Manufacturing  Plant 
fix>m  the  time  the  grass  is  growing  on  the  site  intended  for  it  imtil  the  finished  product 
is  shipped.  Just  the  book  needed  by  those  contemplating  the  erection  of  modem  shop 
buildings,  the  rebuilding  and  reorganization  of  old  ones,  or  the  introduction  of  Modem 
ShopMethods,  time  and  cost  systems.  It  is  a  book  written  and  illustrated  by  a  prac- 
ticalshop  man  for  practical  shop  men  who  are  too  busy  to  read  theories  and  want  facts. 
It  is  the  most  complete  all-round  book  of  its  kind  ever  published.  400  large  quarto 
pages.  225  original  and  specially-made  illustrations.  2d  Revised  and  Enlarged 
Edition.    Price $6.00 

THE  WHOLE  HELD  OF  MECHANICAL  MOVEMENTS 
COVERED  BY  MR.  HISCOX'S  TWO  BOOKS 


We  publish  two  books  by  Gardner  D.  Hiscox  that  will  keep  you  from  '* inventing**  things 
that  nave  been  done  before,  ar^d  suggest  ways  of  doing  things  thai  you  have  not  mought  of 
before.  Many  a  man  spends  time  and  money,  pondering  over  some  mechanical  problem^ 
only  to  learn,  after  he  has  solved  the  problem,  that  the  same  thing  has  been  accomplished 
and  put  in  practice  by  others  long  before.  Time  and  money  spent  in  an  effort  to  accom- 
plish what  has  already  been  accomplished  are  time  and  money  LOST.  The  whole  field 
of  mechanics,  every  known  mechanical  movement,  and  practically  every  device  is  covered 
by  these  two  books.  If  the  thing  you  want  has  been  invented,  it  is  illustrated  in  them.  If 
it  hasn't  been  invented,  then  you'll  find  in  them  the  nearest  things  to  what  you  want,  some 
movements  or  devices  that  will  apply  in  your  case,  perhaps;  or  which  will  give  you  a  key 
from  which  to  work.  No  book  or  set  of -books  ever  published  is  of  more  real  value  to  Uie 
Inventor,  Draftsman,  or  practical  Mechanic  than  tne  two  volumes  described  below. 

MECHANICAL  MOVEMENTS,  POWERS,  AND  DEVICES.    By  Gardnsh  D. 
Hiscox. 

This  is  a  collection  of  1,890  engravings  of  different  mechanical  motions  and  appliances, 
accompanied  by  appropriate  text,  making  it  a  book  of  great  value  to  the  inventor, 
the  draftsman,  and  to  aU  readers  with  mechanical  tastes.  The  book  is  divided  into 
eighteen  sections  or  chapters,  in  which  the  subject-matter  is  classified  under  the  follow- 
ing heads:  Mechanical  Powers;  Transmission  of  Power;  Measurement  of  Power; 
Steam  Power;  Air  Power  Appliances:  Electric  Power  and  Construction;  Navigation 
and  Roads;  Gearing;  Motion  and  Devices;  Controlling  Motion;  Horological; 
Mining;  Mill  and  Factory  Appliances;  Construction  and  Devices;  Drafting  Devices; 
Miscellaneous  Devices,  etc.     12th  edition.    400  octavo  pages.    Price  .    .    .     $2.60 

MECHANICAL  APPLIANCES,  MECHANICAL  MOVEMENTS  AND  NOVELTIES 
OF  CONSTRUCTION.    By  Gardner  D.  Hiscox. 

This  is  a  supplementary  volume  to  the  one  upon  mechanical  movements.  Unlike  the 
first  volume,  which  is  more  elementary  in  character,  this  volume  contains  illustrations 
and  descriptions  of  many  combinations  of  motions  and  of  mechanical  devices  and 
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appliances  found  in  different  lines  of  machinery,  each  device  being  shown  by  a  line 
drawing  with  a  description  showing  its  worldng  parts  and  the  method  of  operation. 
From  the  multitude  of  devices  described  ana  illustrated  might  be  mentioned,  in 
passing,  such  items  as  conveyors  and  elevators,  Prony  bnUies,  thermometers,  various 
types  of  boilers,  solar  engines,  oil-fuel  burners,  condensers,  evaporators.  Corliss  and 
other  valve  gears,  governors,  gas  engines,  water  motors  of  various  descriptions,  air 
ships,  motors  and  dynamos,  automobile  and  motor  bicycles,  railway  looc  stenals, 
car  couplers,  link  and  gear  motions,  ball  bearings,  breech  block  mechanism  forneavy 
guns,  and  a  large  accumulation  of  others  of  equal  importance.  1,000  specially  made 
engravings.     396  octavo  pages.     2d  Edition.    Price $2.60 

MACHINE-SHOP  TOOLS  AND  SHOP  PRACTICE.    By  W.  H.  Vandervoort. 

A  work  of  555  pages  and  673  illustrations,  describing  in  every  detail  the  construction, 
operation,  and  manipulation  of  both  hand  and  machine  tools.  Includes  chapters 
on  filing,  fitting,  and  scraping  surfaces;  on  driUs,  reamers,  taps,  and  dies;  the  mthe 
and  its  tools;  planers,  shapers,  and  their  tools;  milling  macUnes  and  cutters;  gear 
cutters  and  gear  cutting;  drilling  machines  and  drill  work;  grinding  macdiines  and 
their  work;  hardening  and  tempering;  gearing,  belting,  and  transmission  machinery; 
useful  data  and  tables.    6th  edition.    Price 98.00 

THE  MODERN  MACHINIST.    By  John  T.  Usher. 

This  is  a  book  showing,  by  plain  description  and  bv  profuse  engravings  made  expressly 
for  the  work,  all  that  is  best,  most  advanced,  and  of  the  highest  efficiency  in  modern 
machine-shop  practice,  tools,  and  implements,  showing  the  way  by  which  and  through 
which,  as  Mr.  Maxim  says,  "American  machinists  have  become  and  are  the  finest  me- 
chanics in  the  world."  Indicating  as  it  does,  in  every  line,  the  familiarity  of  the  author 
with  every  detail  of  daily  experience  in  the  shop,  it  cannot  fail  to  be  of  service  to  any 
man  practically  connected  with  the  shaping  or  finishing  of  metals. 

There  is  nothing  experimental  or  visionarv  about  the  book,  all  devices  being  in  actual 
use  and  giving  good  results.  It  might  be  called  a  compendium  of  ^op  methods, 
showing  a  vanety  of  special  tools  and  appliances  which  will  give  new  ideas  to  many 
mechanics,  ftx)m  the  superintendent  down  to  the  man  at  the  bench.  It  will  be  found 
a  valuable  edition  to  any  machinist's  library,  and  should  be  consulted  whenever  a 
new  or  difficult  job  is  to  be  done,  whether  it  is  boring,  milling,  turning,  or  planing, 
'  as  they  are  all  treated  in  a  practical  manner.  Fifth  edition.  320  pages.  250  Illustra- 
tions.   Price $2.60 

"  SHOP  KINKS."    By  Robert  Grimshaw. 

A  book  of  400  pages  and  222  illustrations,  being  entirely  different  firom  any  other 
book  on  machine-shop  practice.  Departing  from  conventional  style,  the  author 
avoids  universal  or  common  shop  usage  and  limits  his  work  to  showmg  special  wavs 
of  doing  things  better,  more  cheaply  and  more  rapidly  than  usual.  Ais  a  result  the 
advanced  methods  of  representative  establishments  of  the  world  are  placed  at  the 
disposal  of  the  reetder.  Tnis  book  shows  the  proprietor  where  lai^e  savings  are  possible, 
and  how  products  may  be  improved.     To  the  employee  it  holds  out  suggestions  that, 

f»roperly  applied,  will  hasten  his  advancement.  No  shop  can  afford  to  be  without  it. 
t  bristles  with  valuable  wrinkles  and  helpful  suggestions.  It  will  benefit  all,  firom 
apprentice  to  proprietor.  Every  machinist,  at  any  age,  should  study  its  pages.  Fifth 
edition.    Price $2.60 

* 

THREADS  AND  THREAD  CUTTING.     By  Colvin  and  Stabel. 

This  clears  up  many  of  the  mysteries  of  thread-cutting,  such  as  double  and  triple 
threads,  internal  thi^bads,  catching  threads,  use  of  hobs,  etc.  Contains  a  lot  of  useful 
hints  and  several  tables.    Third  edition.    Price 26  cents 

MANUAL  TRAINING 


ECONOMICS  OP  MANUAL  TRAINING.    By  Louis  Rouillion. 

The  only  book  published  that  gives  just  the  information  needed  by  all  interested  in 
Manual  Training,  reffSuxLing  Buildings,  Equipment,  and  Supplies.  Shows  exactly 
what  is  needed  for  all  grades  of  the  work  firom  the  Kindergarten  to  the  High  and 
Normal  School.  Gives  itemized  lists  of  everything  used  in  Manual  Training  Work 
and  tells  juist  what  it  ought  to  cost.  Also  shows  where  to  buy  supplies,  etc.  Contains 
174  pages,  and  is  fuUy  mustrated.    2d  edition.    Price 91.60 
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MARINE  ENGINEERING 

MODERN  SUBMARINE  CHART. 

A  cross-section  view,  showing  clearly  and  distinctly  all  the  interior  of  a  Submarine 
of  the  latest  type.  You  get  more  information  from  this  chart  about  the  construction 
and  operation  of  a  submarine  than  in  any  other  way.  No  details  omitted— every- 
thing js  accurate  and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been 
approved  by  navad  engineers.  All  the  machinery  and  devices  fitted  in  a  modem 
Subnuuine  Boat  are  shown,  and  to  make  the  engraving  more  readily  imderstood 
all  the  features  are  shown  in  operative  form,  with  Officers  and  Men  in  the  act  of  per- 
forming the  duties  assigned  to;them  in  service'conditions.  THIS  CHART  IS  REALLY 
AN  ENCYCLOPEDIA  OP  A  SUBMARINE.  It  is  educational  and  worth  many 
times  its  cost.    Mailed  in  a  tube  for 26  centg 

PATTERN  MAKING 

PRACTICAL  PATTERN  MAKING.    By  F.  W.  Barrows. 

This  book,  now  in  its  second  edition,  is  a  comprehensive  and  entirely  practical  treatise 
on  the  subject  of  pattern  making,  illustrating  pattern  work  in  both  wood  and  metal, 
and  with  aeflnite  instructions  on  the  use  of  plaster  of  paris  in  the  trade.  It  gives 
specific  and  detailed  descriptions  of  the  materials  used  by  pattern  makers  and  de- 
scribes the  tools,  both  those  for  the  bench  and  the  more  interesting  machine  tools; 
having  complete  chapters  on  the  Lathe,  the  Circular  Saw.  and  the  Band  Saw.  It  gives 
many  examples  of  pattern  work,  each  one  fully  illustrated  and  explained  with  much 
detau.  These  examples,  in  their  great  variety,  offer  much  that  will  be  foimd  of 
interest  to  aJl  pattern  makers,  and  especially  to  the  younger  ones,  who  are  seeking 
information  on  the  more  advanced  branches  of  their  trade. 

In  this  second  edition  of  the  work  will  be  found  much  that  is  new,  even  to  those  who 


have  long  practised  this  exacting  trade.     In  the  description  of  patterns  as  adapted 

Moulding 
economical  production  of  castings  are  overcome;  and  this  great,  new  branch  of  the 


to  the  Mbiuding  Machine  many  difficulties  which  have  long  prevented  the  rapid  and 


trade  is  given  much  space.  Stripping  plate  and  stool  plate  work  and  the  less  expen- 
sive vibrator,  or  rapping  plate  work,  are^aU  explained  in  detail. 

Plain,  everyday  rules  for  lessening  the  cost  of  patterns,  with  a  complete  system  of 
cost  keeping,  a  detailed  method  of  marking,  applicable  to  all  branches  of  the  trade, 
with  complete  information  showing  what  the  pattern  is,  its  specific  title,  its  cost, 
date  of  production,  material  of  which  it  is  made,  the  number  of  pieces  and  core- 
boxes,  and  its  location  in  the  pattern  safe,  all  condensed  into  a  most  compete  card 
record,  with  cross  index. 

The  book  closes  with  an  original  and  practical  method  for  the  inventory  and  valua- 
tion of  patterns.     Containing  nearly  350  pages  and  170  illustrations.    Price  .     $2.00 

PERFUMERY 

PERFUMES  AND  COSMETICS,  THEIR  PREPARATION  AND  MANUFACTURE. 
By  G.  W.  AsKiNSON,  Perfumer. 

A  comprehensive  treatise,  in  which  there  has  been  nothing  omitted  that  could  be  of 
value  to  the  perfumer  or  manufacturer  of  toilet  preparations.  Complete  directions 
for  making  handkerchief  perfumes,  smelling-salts,  sachets,  fumigating  pastilles; 
preparations  for  the  care  of  the  skin,  the  mouth,  the  hair,  cosmetics,  hair  ayes  and 
other  toilet  articles  are  given,  also  a  detailed  description  of  aromatic  substances ;  their 
nature,  tests  of  purity,  and  wholesale  manufacture,  including  a  chapter  on  synthetic 
products,  with  formulas  for  their  use.  A  book  of  general,  as  well  as  professional  in- 
terest, meeting  the  wants  not  only  of  the  druggist  and  perfume  manufacturer,  but 
also  of  the  general  public.  Among  the  contents  are:  1.  The  History  of  Perfumery. 
2.  About  Aromatic  Substances  in  General.  3.  Odors  from  the  V^etable  Kingdom. 
4.  The  Aromatic  Vegetable  Substances  Employed  in  Perfumery.  5.  The  Animal  Sub- 
stances Used  in  Perfumery.  6.  The  Chemical  Products  Used  in  Perfumery.  7.  The  Ex- 
traction of  Odors.  8.  The  Special  Characteristics  of  Aromatic  Substances.  9.  The  Adul- 
teration of  Essential  Oils  and  Their  Recognition.  10.  Synthetic  Products.  11.  Table  of 
Physical  Properties  of  Aromatic  Chemicals.  12.  The  Essences' or  Extracts  Employed 
In^Perfumery.     13.  Directions  for  Making  the  Most  Important  Essences  and  Extracts. 
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14.  The  Division  of  Perfumery.  15.  The  Manufacture  of  Handkerchief  Perfumes. 
16.  Formulas  for  Handkerchief  Perfumes.  17.  Ammoniacal  and  Acid  Perfumes. 
18.  Dry  Perfumes.  19.  Formulas  for  Dry  Perfumes.  20.  The  Perfumes  Used  for 
Fumigation.  21.  Antiseptic  and  Therapeutic  Value  of  Perfumes.  22.  Classification  of 
Odors.  23.  Some  Special  Perfumery  Products.  24.  Hy^ene  and  Cosmetic  Perfumery. 
25.  P^parations  for  the  Care  of  the  Skin.  26.  Manufacture  of  Casein.  27.  Formulas 
for  Emulsions.  28.  Formulas  for  Cream.  29.  Formulas  for  Meals,  Pastes  and  Vege- 
table Milk.  30.  Preparations  Used  for  the  Hair.  31.  Formulas  for  Hair  Tonics  and 
Restorers.  32.  Pomades  and  Hair  Oils.  33.  Formulas  for  the  Manufacture  of 
Pomades  and  Hair  Oils.  34.  Hair  Dyes  and  Depilatories.  36.  Wax  Pomades,  Bando- 
lines and  Brilliantines.  36.  Skin  Cosmetics  and  Face  Lotions.  37.  Preparations  for 
the  Nails.  38.  Water  Softeners  and  Bath  Salts.  39.  Preparations  for  the  Care  of  the 
Mouth.  40.  The  Colors  Used  In  Perfumery.  41.  The  Utensils  Used  in  the  Toilet. 
Fourth  edition  much  enlarged  and  brought  up-to-date.  Nearly  400  pages,  illus- 
trated.   Price $6.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

••  The  most  satisfactory  work  on  the  subject  of  Perfumery  that  we  have  ever  seen. 
**  We  feel  safe  in  saying  that  here  is  a  book  on  Perfumery  that  will  not  disappoint  you, 
for  It  has  practical  and  excellent  formulae  that  are  within  your  ability  to  prepare 
readily. 

•'  We  recommend  the  volume  as  worthyof  confidence,  and  say  that  no  purchaser  will  be 
disappointed  in  securing  from  its  pages  good  value  for  its  cost,  and  a  large  dividend 
on  tne  same,  even  if  he  should  use  but  one  per  cent  of  its  working  formulae.  There 
is  money  in  it  for  every  user  of  its  information." — Pharmaceutical  Record. 

PLUMBING 

MECHANICAL  DRAWING  FOR  PLUMBERS,    By  R.  M.  Starbuck. 

A  concise,  comprehensive  and  practical  treatise  on  the  subject  of  mechanical  drawing 
in  its  various  modem  applications  to  the  work  of  all  who  are  in  any  way  connected 
with  the  plumbing  trade.  Nothing  will  so  help  the  plumber  in  estimating  and  in 
explaining  work  to  customers  and  workmen  as  a  knowledge  of  drawing,  and  to  the 
workman  it  is  of  inestimable  value  if  he  is  to  rise  above  his  position  to  positions  of 
greater  responsibility.  Among  the  chapters  contained  are:  1.  Value  to  plumber  of 
knowledge  of  drawing;  tools  required  and  their  use;  conmion  views  needed  in  mechan- 
ical drawing.  2-.  Perspective  versus  mechanical  drawing  in  showing  plumbing  con- 
struction. 3.  Correct  and  incorrect  methods  in  plumbing  drawing;  plan  and  elevation 
explained.  4.  Floor  and  cellar  plans  and  elevation;  scale  drawings;  use  of  triangles. 
6.  Use  of  triangles;  drawing  of  fittings,  traps,  etc.  6.  Drawing  plumbing  elevations 
and  fittings.  7.  Instructions  in  drawing  plumbing  elevations.  8.  The  drawing  of 
plumbing  fixtures ;  scale  drawings.  9.  Drawings  of  fixtures  and  fittings.  10.  Inking 
of  drawings.  11.  Shading  of  drawings.  12.  Shading  of  drawings.  13.  Sectional 
drawings;  drawing  of  threads.  14.  Plumbing  elevations  from  architect's  plan.  15.  Ele- 
vations of  separate  parts  of  the  plumbing  system.  16.  Elevations  from  the  architect's 
plans.  17.  Drawings  of  detail  plumbing  connections.  18.  Architect's  plans  and  plumb- 
ing elevations  of  residence.  19.  Plumbing  elevations  of  residence  (continued) ;  plumb- 
ing plans  for  cottage.  20.  Plumbing  elevations;  roof  connections.  21.  Plans  and 
plumbing  elevations  forsix-fiat  building.  22.  Drawing  of  various  parts  of  the  plumb- 
ing system;  use  of  scales.  23.  Use  of  architect's  scales.  24.  Special  features  in  the 
mustrations  of  country  plumbing.  25.  Drawing  of  wrought-iron  piping,  valves,  radia- 
tors, coils,  etc.  26.  Drawing  of  piping  to  illustrate  heating  systems.  150  illustrations. 
Price $1.50 

MODERN  PLUMBING  ILLUSTRATED.    By  R.  M.  Starbuck, 

This  book  represents  the  highest  standard  of  plumbing  work.  It  has  been  adopted 
and  used  as  a  reference  book  by  the  United  States  Government,  in  its  sanitarv  work  in 
Cuba,  Porto  Rico,  and  the  Philippines,  and  by  the  principal  Boards  of  Health  of  the 
United  States  and  Canada. 

It  gives  connections,  sizes  and  working  data  for  all  fixtures  and  groups  of  fixtures.  It 
is  helpful  to  the  master  plumber  in  demonstrating  to  his  customers  and  in  figuring 
work.     It  gives  the  mechanic  and  student  quick  and  easy  access  to  the  best  modem 

glumbing  practice.     Suggestions  for  estimating  plumbing  construction  are  contained 
1  its  pages.    This  book  represents,  in  a  word,  the  latest  and  best  up-to-date  practice 

27 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS 

and  should  be  in  the  hands  of  every  architect,  sanitary  engineer  and  plumber  who 
wishes  to  keep  himself  up  to  the  minute  on  this  important  feature  of  construction. 
Contains  following  chapters,  each  illustrated  with  a  full-page  plate:  Kitchen  sink, 
laimdry  tubs,  vegetable  wash  sink;  lavatories,  pantry  sinks,  contents  of  marble  slabs; 
bath  tub,  foot  and  sitz  bath,  shower  bath;  water  closets,  venting  of  water  closets;  low- 
down  water  closets,  water  closets  operated  by  flush  valves,  water  closet  range;  slop  sink, 
urinals,  the  bidet ;  hotel  and  restaurant  sink,  grease  trap ;  refHgerators,  safe  wastes,  laun- 
dry waste,  lines  of  refrigerators,  bar  sinks,  soda  foxmtain  sinks;  horse  stall,  frost-proof 
water  closets;  connections  for  S  traps,  venting;  connections  for  drum  traps;  soil  pipe 
connections;  supporting  of  soil  pipe;  main  trap  and  fresh  air  inlet;  floor  drains  and 
ceUar  draJns,  subsoil  drainage;  water  closets  and  floor  Connections;  local  venting; 
connections  for  bath  rooms;  connections  for  bath  rooms,  continued;  connections  for 
bath  rooms,  continued;  connections  for  bath  rooms,  continued;  examples  of  poor 
practice;  roughing  work  ready  for  test;  testing  of  plmnbing  system;  method  of  con- 
tinuous venting;  continuous  venting  for  two-noor  work;  continuous  venting  for  two 
lines  of  fixtures  on  three  or  more  floors;  continuous  venting  of  water  closets;  plumb- 
ing for  cottage  house;  construction  for  cellar  piping;  plumbing  for  residence,  use  of 
special  fittings;  plumbing  for  two-flat  house;  plumbing  for  apartment  building,  plumb- 
ing for  double  apartment  building;  plumbing  for  ofiQce  building;  plumbinK  for  public 
toilet  rooms;  plumbing  for  public  toUet  rooms,  continued;  plumbing  for  oath  estab- 
lishment; plumbing  for  engine  house,  factory  plumbing;  automatic  flushing  for 
schools,  factories,  etc.;  use  of  flushing  valves;  urinals  for  public  toilet  rooms;  the 
Durham  system,  the  destruction  of  pipes  by  electrolysis;  construction  of  work  without 
use  of  lead;  automatic  sewage  lift;  automatic  sump  tank;  country  plumbing;  construc- 
tion of  cesspools;  septic  tank  and  automatic  sewage  siphon;  country  plunibing;  water 
supply  for  country  house;  thawing  of  water  mains  and  service  by  electricity;  double 
boilers;  hot  water  supply  of  large  buildings;  automatic  control  of  hot  water  tank;  sug- 
gestion for  estimating. plumbing  construction.  407  octavo  pages,  fully  illustrated  by  58 
full-page  engravings.    Third,  revised  and  enlarged  edition  just  issued.    Price  .  94.00 

STANDARD  PRACTICAL  PLUMBING.    By  R.  M.  Starbuck. 

A  complete  practical  treatise  of  450  pages  covering  the  subject  of  Modem  Plumbing 
in  all  Its  branches,  a  large  amount  of  space  being  devoted  to  a  very  complete  and 
practical  treatment  of  the  subject  of  Hot  Water  Supply  and  Circulation  and  Range 
Boiler  Work.  Its  thirty  chapters  include  about  every  phase  of  the  subject  one  can 
think  of,  making  it  an  indispensable  work  to  the  master  plumber,  the  journeyman 
plumber,  and  the  apprentice  plumber,  containing  chapters  on:  the  plumber's  tools; 
wiping  solder;  composition  and  use;  joint  wiping;  lead  work;  traps;  siphonage  of 
traps;  venting;  continuous  venting;  house  sewer  and  sewer  connections;  house  drain; 
soil  piping,  roughing;  main  trap  and  fresh  air  inlet;  floor,  yard,  cellar  drains,  rain 
leaders,  etc.;  flxture  wastes;  water  closets;  ventilation;  improved  plumbing  connec- 
tions; residence  plumbing;  plumbing  for  hotels,  schools,  factories,  stables,  etc.; 
modem  countrv  plumbing;  nitration  of  sewage  and  water  supply;  hot  and  cold 
supply;  range  boilers;  circulation;  circulating  pipes;  range  boiler  problems;  hot 
water  for  lai^e  buildinjgs;  water  lift  and  its  use;  multiple  connections  for  hot  water 
boilers;  heating  of  radiation  by  supply  system;  theory  for  the  plumber;  drawing  for 
the  plumber.    Fully  illustrated  by  347  engravings.    Price 88.00 

RECIPE  BOOK 


HENLEY'S  TWENTIETH  CENTURY  BOOK  OF  RECIPES,  FORMULAS  AND 
PROCESSES.    Edited  by  Gardner  D.  Hiscox. 

The  most  valuable  Techno-chemical  Formula  Book  published,  including  over  10,000 
selected  scientiflc,  chemical,  technological,  and  practical  recipes  and  processes. 

This  is  the  most  complete  Book  of  Formulas  ever  published,  giving  thousands  of 
recipes  for  the  manufacture  of  valuable  articles  for  everyday  use.  Hints,  H^ps, 
Practical  Ideas,  and  Secret  Processes  are  revealed  within  its  pages.  It  covers  every 
branch  of  the  useful  arts  and  tells  thousands  of  ways  of  making  money,  and  is  just  the 
book  everyone  should  have  at  his  command. 

Modem  in  its  treatment  of  every  subject  that  properly  faUs  within  its  scope,  the  book 
may  truthfully  be  said  to  present  the  very  latest  formulas  to  be  found  in  the  arts  and 
industries,  and  to  retain  those  processes  which  long  experience  has  proven  worthy  of  a 
permanent  record.  To  present  here  even  a  limited  number  of  the  subjects  which  flnd 
a  place  in  this  valuable  work  would  be  difficult.     Suffice  to  say  that  in  its  pages  will 
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be  found  matter  of  intense  interest  and  immeasurably  practical  -value  to  the  scientific 
amateur  and  to  him  who  wishes  to  obtain  a  knowledge  of  the  many  processes  used  in 
the  arts,  trades  and  manufacture,  a  knowledge  which  will  render  his  pursuits  more 
Instructive  and  remunerative.  Serving  as  a  reference  book  to  the  small  and  large 
manufacturer  and  supplying  intelligent  seekers  with  the  information  necessary  to 
conduct  a  process,  the  work  will  be  found  of  inestimable  worth  to  the  Metallurgist,  the 
Photographer,  the  Perfumer,  the  Painter,  the  Manufacturer  of  Glues,  Pastes,  Cements, 
and  Mucilages,  the  Compounder  of  AUoys,  the  Cook,  the  Physician,  the  Druggist,  the 
Electrician,  the  Brewer,  the  Engineer,  the  Foundryman,  the  Machinist,  the  Potter,  the 
Tanner,  the  Confectioner,  the  Chiropodist,  the  Manicure,  the  Manufacturer  of  Chem- 
ical Novelties  and  Toilet  Preparations,  the  Dyer,  the  Electroplater,  the  Enameler,  the 
Engraver,  the  Provisioner,  the  Glass  Worker,  the  Goldbeater,  the  Watchmaker,  the 
Jeweler,  the  Hat  Maker,  the  Ink  Manufacturer,  the  Optician,  the  Farmer,  the  Dairy- 
man, the  Paper  Maker,  the  Wood  and  Metal  Worker,  the  Chandler  and  Soap  Maker, 
the  Veterinary  Surgeon,  and  the  Technologist  in  general. 

A  mine  of  information,  and  up-to-date  in  every  respect.  A  book  which  will  prove  of 
value  to  EVERYONE,  as  it  covers  every  branch  of  the  Useful  Arts.  Every  home 
needs  this  book;  every  office,  every  factory,  every  store,  every  public  and  private  en- 
terprise— ^EVERYWHERE — shoidd  have  a  copy.    800  pages.    Price.     .     .     $8.00 

WHAT   IS   SAID   OP   THIS   BOOK: 

"Your  Twentieth  Century  Book  of  Recipes,  Formulas,  and  Processes  duly  received. 
I  am  glad  to  have  a  copy  of  it,  and  if  I  could  not  replace  it,  money  couldn't  buy  it.  It 
is  the  best  thing  of  the  sort  I  ever  saw."     (Signed).  M.  E.  Trux,  Sparta,  Wis. 

"  There  are  few  persons  who  would  not  be  able  to  find  in  the  book  some  single  formula 
that  would  repay  several  times  the  cost  of  the  book." — Merchants'  Record  and  Show 
Window. 

"  I  purchased  your  book  *  Henley's  Twentieth  Century  Book  of  Recipe^,  Formulas  and 
Processes'  about  a  year  ago  and  it  is  worth  its  weight  in  gold." — ^Wm.  H.  Murray, 
Bennington,  Vt. 

"  THE  BOOK  WORTH  THREE  HUNDRED  DOLLARS  " 

"On  close  examination  of  your  'Twentieth  Century  Receipt  Book,'  I  find  it  to  be  Si 
very  valuable  and  useful  book  with  the  very  best  qf  practical  information  obtainable. 
The  price  of  the  book,  $3.00,  is  very  small  in  comparison  to  the  benefits  which  one  can 
obtam  ftom  it.  I  consider  the  book  worth  fully  three  hundred  dollars  to  anyone." 
— Dr.  a.  C.  Spetts,  New  York. 

"ONE  OF  THE  WORLD'S  MOST  USEFUL  BOOKS" 

"  Some  time  ago,  I  got  one  of  your  ' Twentieth  Century  Books  of  Formulas*  and  have 
made  my  living  from  it  ever  since.  I  am  alone  since  my  husband's  death  with  two 
small  children  to  care  for  and  am  trying  so  hard  to  support  them.  I  have  customers 
who  take  from  me  Toilet  Articles  i  put  up,  following  directions  given  in  the  book, 
and  I  have  found  everyone  of  them  to  oe  fine." — ^Mrs.  J.  H.  McMaken,  West  Toledo, 
Ohio. 

RUBBER 

RUBBER  HAND  STAMPS  AND  THE  MANIPULATION  OF  INDU  RUBBER. 
By  T.  O'CoNOR  Sloane. 

This  book  gives  full  details  on  all  points,  treating  in  a  concise  and  simple  manner  the 
elements  of  nearly  everything  it  is  necessary  to  understand  for  a  conunencement  in 
any  branch  of  the  India  Rubber  Manufacture.  The  making  of  all  kinds  of  Rubber 
Hand  Stamps,  Small  Articles  of  India  Rubber,  U.  S.  Government  Composition,  Dating 
Hand  Stamps,  the  Manipulation  of  Sheet  Rubber,  Toy  Balloons,  India  Rubber  Solu- 
tions, Cements,  Blackings,  Renovating  Varnish,  and  Treatment  for  India  Rubber 
Shoes,  etc.;  the  Hektograph  Stamp  Inks,  and  Miscellaneous  Notes,  with  a  Short 
Accoimt  of  the  Discovery,  Collection  and  Manufacture  of  India  Rubber,  are  set  forth 
in  a  manner  designed  to  be  readily  understood,  the  explanations  being  plain  and  simple. 
Including  a  chapter  on  Rubber  Tire  Making  and  vulcanizing;  also  a  chapter  on  the 
uses  of  rubber  in  Surgery  and  Dentistry.  Third  revised  and  enlarged  edition.  175 
pages.    Illustrated t Sl.OO 
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SAWS 

SAW  FILINGS  AND  MANAGEMENT  OF  SAWS,    By  Robert  Grimshaw. 

A  practical  hand-book  on  filing,  gumming,  swaging,  hammering,  and  the  brazing  of 
band  saws,  the  speed,  work,  and  power  to  run  circular  saws,  etc.  A  handy  book  for 
those  who  have  charge  of  saws,  or  for  those  mechanics  who  do  their  own  filing,  as  it  deals 
with  the  proper  shape  and  pitches  of  saw  teeth  of  all  kinds  and  gives  many  useful  hints 
and  rules  for  gumming,  setting,  and  filing,  and  is  a  practical  aid  to  those  who  use  saws 
for  any  purpose.  Complete  tables  of  proper  shape,  pitch,  and  saw  teeth  as  well  as 
sizes  and  number  of  teeth  of  various  saws  are  included.  Third  edition,  revised  and 
enlarged.     Illustrated.    Price $1.00 

STEAM    ENGINEERING 

AMERICAN  STATIONARY  ENGINEERING.    By  W.  E.  Crane. 

This  book  begins  at  the  boiler  room  and  takes  in  the  whole  power  plant.  A  plain 
talk  on  every-day  work  about  engines,  boilers,  and  their  accessories.  It  is  not  intended 
to  be  scientific  or  mathematical.  All  formulas  are  in  simple  form  so  that  any  one 
understanding  plain  arithmetic  can  readily  understand  any  of  them.  The  author 
'  has  made  this  the  most  practical  book  in  print;  has  given  the  results  of  his  years  of 
experience,  and  has  Included  about  all  that  has  to  do  with  an  engine  room  or  a  power 
plant.  You  are  not  left  to  guess  at  a  single  point.  You  are  shown  clearly  what  to 
expect  imder  the  various  conditions;  how  to  secure  the  best  results;  ways  of  prevent- 
ing "shut  downs"  and  repairs;  in  short,  all  that  goes  to  make  up  the  requirements 
of  a  good  engineer,  capable  of  taking  charge  of  a  plant.  It's  plain  enough  for  practical 
men  and  yet  of  value  to  those  high  in  the  profession. 

A  partial  list  of  contents  is:  The  boiler  room,  cleaning  boilers,  firing,  feeding;  pumps. 
Inspection  and  repair;  chimneys,  sizes  and  cost;  piping;  mason  work;  foundations; 
testing  cement;  pile  driving;  engines,  slow  and  high  speed;  valves;  valve  setting; 
Corliss  engines,  setting  valves,  single  and  double  eccentric;  air  pumps  and  condensers; 
different  types  of  condensers;  water  needed;  lining  up;  pounds;  pins  not  square  in 
crosshead  or  crank;  engineers'  tools;  pistons  and  piston  rings;  bearing  metal;  hard- 
ened copper;  drip  pipes  from  cylinder  jackets;  belts,  how  made,  care  of;  oils;  greases; 
testing  lubricants;  rules  and  tables,  including  steam  tables;  areas  of  segments; 
squares  and  square  roots;  cubes  and  cube  root;  areas  and  circumferences  of  circles. 
Notes  on:  Brick  work;  explosions;  pumps;  pump  valves;  heaters,  economizers; 
safety  valves;  lap,  lead,  and  clearance.  Has  a  complete  examination  for  a  license, 
etc.,  etc.    Second  edition.   285  pages.   Illustrated.     Price       $2.00 

EMINENT  ENGINEERS.    By  Dwight  Goddard. 

Everyone  who  appreciates  the  effect  of  such  great  inventions  as  the  Steam  Engine, 
Steamboat,  Locomotive,  Sewing  Machine,  Steel  Working,  and  other  fimdamental 
discoveries,  is  interested  in  knowing  a  httle  about  the  men  who  made  them  and  their 
achievements. 

Mr.  Goddard  has  selected  thirty-two  of  the  world's  engineers  who  have  contributed 
most  largely  to  the  advancement  of  our  civilization  by  mechanical  means,  giving  only 
such  facts  as  are  of  general  interest  and  in  a  way,  which  appeals  to  all,  whether 
mechanics  or  not.     280  pages.     35  illustrations.     Price $1.60 

ENGINE  RUNNER'S  CATECHISM.    By  Robert  Grimshaw. 

A  practical  treatise  for  the  stationary  engineer,  telling  how  to  erect,  adjust,  and  run 
the  principal  steam  engines  in  use  m  the  United  States.  Describing  the  principal 
features  of  various  special  and  well-known  makes  of  engines:  Temper  Cut-oflf,  Shipping 
and  Receiving  Foundations,  Erecting  and  Starting,  Valve  Setting,  Care  and  Use, 
Emergencies,  Erecting  and  Adjusting  Special  Engines. 

The  questions  asked  throughout  the  catechism  are  plain  and  to  the  point,  and  the 
answers  are  given  in  such  simple  language  as  to  be  readily  imderstood  by  anyone.  All 
the  instructions  given  are  complete  and  up-to-date;  and  they  are  written  in  a  popular 
style,  without  any  technicalities  or  mathematical  formulae.  The  work  is  of  a  handy 
size  for  the  pocket,  clearly  and  well  printed,  nicely  bound,  and  profusely  Illustrated. 

To  yoimg  engineers  this  catechism  will  be  of  great  value,  especially  to  those  who  may 
be  preparing  to  go  forward  to  be  examined  for  certificates  of  competency;  and  to 
engineers  generally  it  wlU  be  of  no  little  service,  as  they  will  find  in  this  volume  more 
really  practical  and  useful  information  than  is  to  be  found  anywhere  else  within  a  like 
compass.    387  pages.    Seventh  edition.    Price $2.00 
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HORSEPOWER  CHART. 

Shows  the  horsepower  of  any  stationary  engine  without  calculation.  No  matter  what 
the  cylinder  diameter  of  stroke,  the  steam  pressure  of  cut-oflf,  the  revolutions,  or 
whether  condensing  or  non-condensing,  it's  all  there.  Easy  to  use,  accurate,  and 
saves  time  and  calculations.    Especially  useful  to  engineers  and  designers.     50  cents 

MODERN  STEAM  ENGINEERING  IN  THEORY  AND  PRACTICE.   By  Gardner 

D.  Hiscox. 

This  is  a  complete  and  practical  work  issued  for  Stationary  Engineers  and  Firemen, 
dealing  with  the  care  and  management  of  boilers,  engines,  pumps,  superheated  steam, 
refrigerating  machinery,  dynamos,  motors,  elevators,  air  compressors,  and  £U1  other 
branches  with  which  the  modem  engineer  must  be  familiar.  Nearly  200  questions  with 
their  answers  on  steam  and  electrical  engineering,  likely  to  be  asked  by  the  Examin- 
ing Board,  are  included. 

Among  the  chapters  are:  Historical:  steam  and  its  properties;  appliances  for  the 
generation  of  steam;  types  of  boilers;  chimney  and  its  work;  heat  economy  of  the 
feed  water;  steam  pumps  and  their  work;  incrustation  and  its  work;  steam  above 
atmospheric  pressure;  flow  "of  steam  from  nozzles;  superheated  steam  and  its  work; 
adiabatic  expansion  of  steam;  indicator  and  Its  work;  steam  engine  proportions;  slide 
valve  engines  and  valve  motion;  Corliss  engine  and  its  valve  gear;  compound  engine 
and  its  theory;  triple  and  multiple  expansion  engine;  steam  turbine;  refrigeration; 
elevators  and  their  management;  cost  of  power;  steam  engine  troubles;  electric 
power  and  electric  plants.     487  pages.    405  engravings.    3d  Edition.  .     .     •     $8.00 

STEAM  ENGINE  CATECHISM.    By  Robert  Grimshaw. 

This  imique  volume  of  413  pages  is  not  only  a  catechism  on  the  question  and  answer 
principle,  but  it  contains  formulas  and  worked-<»ut  answers  for  all  the  Steam  problems 
that  appertain  to  the  operation  and  management  of  the  Steam  Engine.  Illustrations 
of  various  valves  and  valve  gear  with  their  principles  of  operation  are  given.  Thirty- 
four  Tables  that  are  indispensable  to  every  engineer  and  fireman  that  wishes  to  be 
progressive  and  is  ambitious  to  become  master  of  his  calling  are  within  its  pages.  It  is 
a  most  valuable  instructor  in  the  service  of  Steam  Engineering.  Leading  engineers 
have  recommended  it  as  a  valuable  educator  for  the  beginner  as  well  as  a  reference  book 
for  the  engineer.  It  is  thoroughly  indexed  for  every  detail.  Every  essential  question 
on  the  Steam  Engine  with  its  answer  is  contained  in  this  valuable  work.  Sixteenth 
edition.    Price $2.00 

STEAM  ENGINEER'S  ARITHMETIC.    By  Colvin-Chenet. 

A  practical  pocket-book  for  the  steam  engineer.  Shows  how  to  work  the  problems  of 
the  engine  room  and  shows  "why."  TeUs  how  to  figure  horsepower  of  engines  and 
boilers;  area  of  boilers;  has  tables  of  areas  and  circumferences;  steam  tables;  has  a 
dictionary  of  engineering  terms.  Puts  you  on  to  all  of  the  Uttle  kinks  in  figuring  what- 
ever there  is  to  figure  aroimd  a  power  plant.  Tells  you  about  the  heat  unit ;  absolute 
zero:  adiabatic  expansion;  duty  of  enginas;  factor  of  safety;  and  a  thousand  and  one 
other  things;  and  everything  is  plain  and  simple — ^not  the  hardest  way  to  figure,  but 
the  easiest.     Second  Edition 60  cents 

STEAM  HEATING  AND  VENTILATION 


PRACTICAL    STEAM,    HOT-WATER    HEATING    AND    VENTILATION.    By 

A.  G.  King. 

This  book  is  the  standard  and  latest  work  published  on  the  subject  and  has  been  pre- 
pared for  the  use  of  all  engaged  in  the  business  of  steam,  hot-water  heating,  and  ventila- 
tion. It  is  an  original  and  exhaustive  work.  Tells  how  to  get  heating  contracts,  how 
to  install  heating  and  ventilating  apparatus,  the  best  business  methods  to  be  used, 
with  "Tricks  of  the  Trade"  for  shop  use.  Rules  and  data  fcH*  estimating  radiation 
and  cost  and  such  tables  and  information  as  make  it  an  indispensable  work  for  every- 
one interested  in  steam,  hot-water  heating,  and  ventilatioi}.  It  describes  all  the  principal 
systems  of  steam,  hot-water,  vacuum,  vapor,  and  vacuum-vapor  heating,  together 
with  the  new  accelerated  systems  of  hot-water  circulation,  including  chapters  on 
up-to-date  methods  of  ventilation  and  the  fan  Or  blower  system  of  heating  and  ventila- 
tion. Containing  chapters  on:  I.  Introduction.  II.  Heat.  III.  Evolution  of 
artificial  heating  apparatus.  IV.  Boiler  surface  and  settings.  Y.  The  chimney  flue. 
VI.  Pipe  and  fittings.  VII.  Valves,  various  kinds.  VIII.  Forms  of  radiating 
surfaces.    IX.  Locatmg  of  radiating  surfaces.    X.  Estimating  radiation.   XI.  Steam- 
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heating  apparatus.  XII.  Exhaust-steam  heathig.  XIII.  Hot-water  heating.  XIV. 
Pressure  systems  of  hot-water  worlc.  XY.  Hot-water  appliances.  XVI.  Greenhouse 
heating.  XVII.  Vacuum  vapor  and  vacuum  exliaust  heating.  XVIII.  Miscella- 
neous heating.  XIX.  Radiator  and  pipe  connections.  XX.  Ventilation.  XXI, 
Mechanical  ventilation  and  hot-blast  heating.  XXII.  Steam  appliances.  XXIII. 
District  heating.  XXIV.  Pipe  and  boiler  covering.  XXV.  Temperature  regulation 
and  heat  control.  XXVI.  Business  methods.  xXVII.  Miscelumeous.  XXVIII. 
Rules,  tables,  and  useful  information.  367  pages.  300  detailed  engravings.  Second 
Edition — Revised.    Price $8.00 

600  PLAIN  ANSWERS  TO  DIRECT  QUESTIONS  ON  STEAM,  HOT-WATER, 
VAPOR  AND  VACUUM  HEATING  PRACTICE.        By  Alfred  G.  King. 

This  work,  just  off  the  press,  is  arranged  in  question  and  answer  form ;  it  is  intended  as 
a  guide  and  text-book  for  the  younger,  inexperienced  fitter  and  as  a  reference  book  for 
all  fitters.  This  book  tells  " how '^ and  also  tells  "why."  No  work  of  its  kind  has 
ever  been  published.  It  answers  all  the  questions  regarding  each  method  or  system 
that  would  be  asked  by  the  steam  fitter  or  heating  contractor,  and  may  be  used  as  a 
text  or  reference  book,  and  for  examination  questions  by  Trade  Schools  or  Steam 
Fitters*  Associations.  Rules,  data,  tables  and  descriptive  methods  are  given,  to- 
gether with  much  other  detailed  information  of  daily  practical  use  to  those  engaged  in 
or  interested  in  the  various  methods  of  heating,  valuable  to  those  preparing  for 
examinations.  Answers  every  question  asked  relating  to  modem  Steam,  Hot-Water. 
Vapor  and  Vacuum  Heating.  Among  the  contents  are:  The  Theory  and  Laws  of 
Heat.  Methods  of  Heating.  Chimneys  and  Flues.  Boilers  for  Heating.  Boiler 
Trimmings  and  Settings.  Radiation.  Steam  HeatinK.  Boiler,  Radiator  and  Pipe 
Connections  for  Steam  Heating.  Hot  Water  Heating.  The  Two-Pipe  Gravity 
System  of  Hot  Water  Heating.  The  Circuit  System  of  Hot  Water  Heating.  The 
Overhead  System  of  Hot  Water  Heating.  Boiler,  Radiator  and  Pipe  Connections  for 
Gravity  Systems  of  Hot  Water  Heatmg.  Accelerated  Hot  Water  Heating.  Ex- 
pansion Tank  Connections.  Domestic  Hot  Water  Heating.  Valves  and  Air  valves. 
Vacumn  Vapor  and  Vacuo- Vapor  Heating.  Mechanical  Systems  of  Vacuum  Heating. 
Non-Mechanical  Vacuum  Systems.  Vapor  Systems.  Atmospheric  and  Modulating 
Systems.  Heating  Greenhouses.  Information,  Rules  and  Tables.  200  pages,  127 
illustrations.    Octavo.     Cloth.    Price $1.60 

STEEL 


STEEL:  ITS  SELECTION,  ANNEALING,  HARDENING,  AND  TEMPERING. 

By  E.  R.  Markham. 

This  work  was  formerly  known  as  "The  American  Steel  Worker,'*  but  on  the  pub- 
lication of  the  new,  revised  edition,  the  publishers  deemed  it  advisable  to  change  its 
title  to  a  more  suitable  one.  It  is  the  standard  work  on  Hardening,  Tempering, 
and  Annealing  Steel  of  all  kinds. 

This  book  teUs  how  to  select,  and  how  to  work,  temper,  harden,  and  anneal  steel  for 
everything  on  earth.  It  doesn't  tell  how  to  temper  one  class  of  tools  and  then  leave 
the  treatment  of  another  kind  of  tool  to  your  imagination  and  judgment,  but  it  gives 
careful  instructions  for  every  detail  of  every  tool,  whether  it  be  a  tap,  a  reamer  or  just 
a  screw-driver.  It  tells  about  the  tempering  of  small  watch  springs,  the  hardening  of 
cutlery,  and  the  annealing  of  dies.  In  fact,  there  isn't  a  thing  that  a  steel  worker 
would  want  to  know  that  isn't  included.  It  is  the  standard  book  on  selecting,  harden- 
ing, and  tempering  all  grades  of  steel.  Among  the  chapter  headings  might  be  mentioned 
the  following  subjects:  Introduction;  the  workman;  steel;  methods  of  heating; 
heating  tool  steel;  forging;  annealing;  hardening  baths;  baths  for  hardening;  harden- 
ing steel;  drawing  the  temper  after  hardening ;  examples  of  hardening;  padc  harden- 
ing; case  hardening;  spring  tempering;  making  tools  of  machine  steel;  special  steels; 
steel  for  various  tools;  causes  of  trouble;  high  speed  steels,  etc.  400  pages.  Veiy 
fully  illustrated.    Fourth  Edition.    Price $2.60 

HARDENING,  TEMPERING,  ANNEALING,  AND  FORGING  OF  STEEL.    By 

J.  V.  WOODWORTH. 

A  new  work  treating  in  a  clear,  concise  manner  all  modem  processes  for  the  heating, 
annealing,  forging,  welding,  hardening,  and  tempering  of  steel,  making  it  a  book  of 
great  practical  value  to  the  metal-working  mechanic  in  general,  with  special  directions 
for  the  successful  hardening  and  tempering  of  all  steel  tools  used  in  the  arts,  including 
milling  cutters,  taps,  thread  dies,  reamers,  both  solid  and  sheU,  hollow  mills,  punches 
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and  dies,  and  all  kinds  of  sheet  metal  working  tools,  shear  blades,  saws,  fine  cutlery,  and 
metal  cutting  tools  of  all  description,  as  weu  as  for  all  implements  of  steel  both  large 
and  small.  In  this  work  the  simplest  and  most  satisfactory  hardening  and  temper- 
ing processes  are  given. 

The  uses  to  which  the  leading  brands  of  steel  may  be  adapted  are  concisely  presented, 
and  their  treatment  for  working  under  different  conditions  explained,  also  the  special 
methods  for  the  hardening  and  tempering  of  special  brands. 

A  chapter  devoted  to  the  different  processes  for  case-hardening  is  also  included,  and 

fsecial  reference  made  to  the  adaptation  of  machinery  steel  for  tools  of  various  kinds, 
ourth  Edition.     288  pages.     201  illustrations.    Price $2.60 

TRACTORS 


THE  MODERN  GAS  TRACTOR.    By  Victor  W.  Paq±. 

A  complete  treatise  describing  all  types  and  sizes  of  gasoline,  kerosene,  and  oil  tractors. 
Considers  design  and  construction  exhaustive,  gives  complete  instructions  for  care, 
deration  and  repair,  outlines  all  practical  applications  on  the  road  and  in  the  field. 
The  best  and  latest  work  on  farm  tractors  and  tractor  power  plants.  A  work  needed 
by  farmers,  students,  blackaniths,  mechanics,  salesmen,  implement  dealers,  designers, 
and  engineers.    500  pages.    Nearly  300  illustrations  and  folding  plates.    Price  $2.00 

THE  HOME-MADE  TRACTOR.    By  Xbno  W.  Putnam. 

A  practical  treatise  on  the  construction  of  small  and  special  purpose  tractors  in  the 
home  workshop  from  the  odds  and  ends  of  cast-off  machinery  available  on  nearly 
every  farm.  This  work  shows  the  farmer  how,  at  small  expense,  to  make  his  gasoline 
engine  conveniently  portable  by  making  it  self-moving.  It  guides  him  in  the  con- 
struction of  a  practical  farm  tractor  that  Is  capable  of  hauling,  harvesting,  plowing  and 
doing  all  the  ordinary  farm  work  in  which  the  propulsion  of  other  machinery  Is  re- 
quired. Twenty-four  chapters  are  contained  in  this  book  and  it  is  illustrated  with 
over  153  working  engravings  showing  many  successfully  built  and  tested  home-made 
tractors.     Bound  in  cloth.  12mo. 
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